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Abstract 
Rework occurrences in construction projects are mostly avoidable as these are mainly 
unnecessary efforts (people, material, time and equipment) of re-doing a process or 
activity that was incorrectly implemented in the first time, or was not needed actually 
to complete the work. The objectives of this study were: Firstly, to investigate 
contracting parties awareness regarding to rework in construction projects. Secondly, 
to identify causes of rework and determine their degree of occurrence and their degree 
of severity on the project performance (time and cost). Thirdly, to determine the 
impact of rework on project performance, through four case studies. Finally, to 
determine the measures for reducing the occurrence of rework in construction 
projects. A quantitative (questionnaire survey) and qualitative (case studies) to collect 
the required data were adopted in this research. 
The results of this study revealed that there was a significant awareness between 
contracting parties regarding rework. On the other hand, there was a significant 
weakness in rework controlling. This study clarified that ―The absence of job 
security‖ which relates to human-resource capability was ranked as first rework cause 
according to the degree of occurrence in construction projects in Gaza Strip. The 
second cause was ―Emergency conditions (siege and closures)‖, which relates to 
materials and equipment supply. The third cause relates to the contractor which was 
―Attempts to fraud‖. The study illustrated that ―Attempts to fraud between 
contractors‖, were extremely severe project performance; this rework cause was 
ranked firstly. The second-ranked rework cause according to degree of severity on 
project performance was ―Competitive pressure / low contract value". The survey 
illustrated that ―Sufficient and capable human resources‖ were the most effective 
measure for reducing rework. The study revealed that ―Teamwork effectiveness‖, 
―Strong qualified supervision‖, ―Continuous evaluation before and during work‖ and 
―Supplier prequalification‖ were very effective measures for reducing rework. The 
case studies analysis indicated that rework increased the cost of different work 
categories between 3% to 10% and caused delays in different work categories from 20 
% to 77%.   
This study recommended that it's very important to increase awareness between 
contracting parties regarding rework in construction projects, rework causes and its 
impact on performance. It's recommended strongly that rework events should be 
documented and project managers should have a rework control system in their 
projects. This study recommended Applying severe resistance against cheating 
through the project by making strict regulations and strong supervision, but it remains 
important to strengthen personnel internal ethics. It is recommended to do further 
studies on rework such as using lean construction improvement techniques to reduce 
rework in construction projects. 
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 يهخص انجحج
 
ٖزٍجٟ ػٍٝ األداء ٚاإلٔزبج١خ فٟ ٘اصش س ِٓ ٌّب ٌٙبٔشبءاد، ٠خ رٛاجٗ صٕبػخ اإلإػبدح اٌؼًّ ِشىٍخ جذ شجزؼر  
" أٞ جٙذ غ١ش الصَ )ِٛاسد ثشش٠خ، ِٛاد، ِؼذاد، صِٓ( ٌٍم١بَ ثئػبدح  بثؤٔٙؼشف إػبدح األػّبي راٌّشبس٠غ، ٚ 
 ػ١ٍّخ أٚ ٔشبغ رُ رٕف١زٖ ثشىً غ١ش صذ١خ أٚي ِشح، أٚ ٌُ رىٓ ٕ٘بن دبجخ فؼال ٌزٕف١ز ٘زا اٌؼًّ ". 
ّشبس٠غ اٌفٟ  األػّبياألغشاف اٌّزؼبلذح ثشؤْ إػبدح ٌٍزذمك ِٓ ِذٜ ٚػٟ أٚال،  رٙذف ٘زٖ اٌذساسخ إٌٝ:
 ضِٓآٌِ د١ش ٚرذذ٠ذ دسجخ دذٚصٙب ٚخطٛسرٙب ػٍٝ األداء  األػّبي. صب١ٔب، ٌزذذ٠ذ أسجبة إػبدح ٔشبئ١خاإل
أسثغ رذ١ًٍ ، ِٓ خالي ِٓ رىٍفخ ٚصِٓاٌّششٚع فٟ داء األ إػبدح األػّبي ػٍٝٚاٌزىٍفخ. صبٌضب، ٌزذذ٠ذ رؤص١ش 
اسزخذَ فٟ ٘زٖ اٌذساسخ . اٌّشبس٠غ اإلٔشبئ١خٟ ف األػّبيدساسبد دبٌخ. أخ١شا، ٌزذذ٠ذ رذاث١ش ٌٍذذ ِٓ ٚلٛع إػبدح 
 )االسزج١بْ( ٚإٌٛػ١خ )دساسبد اٌذبٌخ( ٌجّغ اٌج١بٔبد اٌّطٍٛثخ. خاٌى١ّأسب١ٌت اٌجذش 
 أظٙشد. ِٓ ٔبد١خ أخشٜ، إػبدح األػّبيوشفذ ٔزبئج ٘زٖ اٌذساسخ أْ ٕ٘بن ٚػٟ ث١ٓ األغشاف اٌّزؼبلذح ثشؤْ 
 ِسجت إلػبدح األػّبي ٠زؼٍك. ٚأٚظذذ ٘زٖ اٌذساسخ أْ "غ١بة األِٓ اٌٛظ١فٟ" فٟ اٌزؼبًِ ِؼٙبظؼف وج١ش 
فٟ لطبع غضح. ٚوبْ  اٌّشبس٠غ اإلٔشبئ١خاٌّشرجخ األٌٚٝ ٚفمب ٌذسجخ ٚلٛػٗ فٟ  ٠ؤرٟ فٟاٌّٛاسد اٌجشش٠خ  حثمذس
وبْ اٌسجت اٌضبٌش  .زٛس٠ذ اٌّٛاد ٚاٌّؼذادث اٌسجت اٌضبٟٔ "اٌظشٚف اٌطبسئخ )اٌذصبس ٚاإلغالق("، اٌزٟ رزؼٍك
راد اصش أٚظذذ اٌذساسخ أْ "ِذبٚالد اٌغش ث١ٓ اٌّزؼبلذ٠ٓ"،  "ِذبٚالد االدز١بي". ٚ ّ٘ٛمبٚي ِزؼٍمب ثبٌ
ػٍٝ  اٌزؤص١ش . اٌسجت اٌضبٟٔ ِشرجخ ٚفمب ٌشذحد١ش جبء وؤوضش األسجبة رؤص١شا شذ٠ذ ٌٍغب٠خ ػٍٝ األداء فٟ اٌّششٚع
اٌّٛاسد ٚ وفبءح لذساد ٠خ فباالسزطالع أْ "و أٚظخ ". بض ل١ّخ اٌؼمذ/ أخف اٌزٕبفسأداء اٌّششٚع وبْ "ظغػ 
وشفذ اٌذساسخ أْ "فؼب١ٌخ اٌؼًّ اٌجّبػٟ" وّب ٚ. األػّبياألوضش فؼب١ٌخ ٌٍذذ ِٓ إػبدح  اٌزذث١شاٌجشش٠خ" وبْ 
" رذاث١ش فؼبٌخ جذا ٠ٓ ِؤ١ٍِ٘ٓٛسداالػزّبد ػٍٝ "اٌزم١١ُ اٌّسزّش لجً ٚأصٕبء اٌؼًّ" ٚ " ٚ "إششاف لٛٞ ِؤً٘"ٚ
رىٍفخ فئبد  رض٠ذ ِٓ األػّبيإٌٝ أْ إػبدح  اٌذبالد اٌذساس١خ  رذ١ًٍ د ٔزبئجأشبسوّب  . إػبدح األػّبيٌٍذذ ِٓ 
 ٪.77٪ إٌٝ 20ٚرسجت اٌزؤخ١ش ِٓ ، ٪ 10٪ إٌٝ 3ث١ٓ  فٟ اٌّششٚع اٌؼًّ اٌّخزٍفخ
ح األػّبي ٚ أسجبثٙب ٚأصبسا٘ب ػٍٝ عشٚسح رٛػ١خ وبفخ أغشاف اٌّششٚع ثّب١٘خ إػبدثرٛصٟ ٘زٖ اٌذساسخ 
اٌّشبس٠غ ٚرؤ١ٍُ٘ٙ ٌزجٕت اٌٛلٛع ثٙب. وّب أٔٙب رٛصٟ ثعشٚسح رسج١ً األدذاس اٌزٟ رذزٛٞ ػٍٝ إػبدح األػّبي 
فٟ اٌّشبس٠غ ٚٚظؼٙب ظّٓ ٔظبَ رذىُ ِٚزبثؼخ ٚاظخ إلداسح ٘زٖ اٌّشبس٠غ. ِىبفذخ اٌغش ٚرشج١غ اٌٛاػع 
ٚع ُِٙ جذا ٌٍزم١ًٍ ِٓ و١ّخ إػبدح األػّبي فٟ اٌّشبس٠غ. الثذ ِٓ إجشاء أثذبس اٌذاخٍٟ ٚ رؼض٠ض االٔزّبء ٌٍّشش
ٚدساسبد أخشٜ رزٕبٚي ِٛظٛع إػبدح األػّبي فٟ اٌّشبس٠غ اإلٔشبئ١خ ٚ سجً اٌذذ ِٕٙب وذساسخ اصش اسزخذاَ 
  أدٚاد اإلداسح اٌسٍسخ ٌٍزم١ًٍ ِٓ إػبدح األػّبي.
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Chapter 1 : Introduction 
1.1 Background 
The construction industry is faced with significant problems of high cost of project 
delivery, bad financial performance and inability to deliver value to customers on 
time (Simpeh, 2012; Sinha and Wayal, 2007). As a result, this industry has been 
criticized extensively for poor performance and inefficient productivity. A major 
factor contributing to this setback is rework (Fayek et al, 2003; Alwi et al., 2001;Love 
et al., 1999). Rework is defined as the unnecessary effort of redoing an activity that 
was inaccurately done the first time (Love, 2002a). In essence, rework and wastages 
have become recognized as non-value adding endemic symptoms that seriously affect 
the performance and productivity aspects of construction projects (Alwi, et al., 2002; 
Josephson et al.,2002). Minimizing waste is one of most important challenges that 
face construction industry where rework is a significant factor that directly contributes 
to these waste. It must be seriously controlled (Fayek et al, 2003; Alwi et al., 2001; 
Love et al., 1999). 
In the process of construction, errors, omissions and changes frequently occur and 
lead to rework in different stages of construction (Farrington, 1987). Many studies, 
which were conducted in many countries, indicated that rework increased the cost of 
the different work categories between 3% to 30% and caused delays in the different 
work categories resulting in the increase of their original durations from10% to 77%. 
Besides, rework caused clients' and contractors dissatisfaction (Wasfy, 2010). 
However, little is known about the background of rework and consequently, rework 
remains an innate problem. Furthermore, factors that contribute to its occurrence are 
not fully understood, because the derivation of appropriate strategies for its reduction 
is problematic. Hence, a comprehensive appreciation of the mechanisms that cause 
rework will enable project performance improvements to be made (Love and 
Edwards, 2004a). The lack of attention to the major causes of rework seems to be a 
global phenomenon (Fayek et al, 2003; Alwi et al., 2001; Love et al., 1999). 
The importance of construction industry is approved in all communities. It is one of 
the major industries in the economic growth and civilization. A huge amount of 
money, time and energy consumed in this part indicate the important role of this 
industry. The construction industry is very important in the economic development of 
any nation especially in an expanding economy like Palestine (El Sawalhi and 
Enshassi, 2004). It has a share of Gross Domestic Product(GDP) about 20% in normal 
time (Elnamrouty, 2012). The sector has played a crucial role in extending job 
opportunities for Palestinian labor force. Due to the Israeli re-occupation of the 
Palestinian territories on September 28, 2000 construction sector used to employ an 
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average of 22.3% of Palestinian labor force. However, the sector now employs 10.8% 
of the labor force only; this sector also employs about 30% of laborers indirectly in 
industries related to the construction sector and other services and productive sectors 
(Osaily, 2010). 
The aim of this research is to determine the causes of rework in the construction 
projects, as well as the impact of rework on project performance, specifically on 
project cost and time. In addition to that this research intends to determine the 
measures how to reduce the occurrence of rework. 
1.2 Statement of the problem 
The construction industry is considered the economical backbone in many countries 
overall the world. In  Palestine  as a developing country  the construction industry 
plays a major role in national development. Delay, overall cost and dissatisfaction are 
main problems which face the construction industry in Gaza Strip (Enshassi et al, 
2007). Rework is a serious problem in the construction industry and has been 
identified as one of the main causes of schedule delays, cost overruns and parties 
dissatisfaction in Gaza Strip (Enshassi et al., 2009). Rework represents a new 
terminology in construction dictionary and it becomes essential when an element of 
building works fails to meet customer‘s requirement or when the completed work 
does not conform to the contract documentation (Oyewobi  et al, 2010). 
There are many causes which may lead to rework in construction projects, some 
causes are direct and result in work activities to be done more than one time. And 
other causes are indirect and may lead to rework indirectly. Regardless of these 
causes, the resulting rework will have the potential to negatively affect the project 
time and cost as well as the satisfaction of both contractor and client. From many field 
visits to construction projects and deep discussions with construction  managers and 
contractors, it was found that rework is  a real property in these projects and it is 
worthy of study and scrutiny. 
1.3 Research objectives 
1.3.1 Research aim 
The overall objective of this research is the improvement of construction productivity, 
performance and efficiency in the construction projects in Gaza Strip by minimizing 
rework. 
1.3.2 Research objectives 
The specific objectives of the study are: 
1. To investigate contracting parties awareness regarding rework in construction 
projects. 
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2. To identify causes of rework and determine their degree of occurrence and their 
severity on the performance (time and cost) of construction projects. 
3. To determine the impact of rework on project performance ( cost and time), 
through four case studies. 
4. To determine the measures for reducing the occurrence of rework in construction 
projects. 
1.4 Hypotheses development 
This part aims to set the hypothesis related to objective 1, where to investigate 
contracting parties awareness regard rework in construction projects. The three below 
hypotheses should be tested: 
H0a: There are no significant Learning and improvement organizational environment 
in construction projects in Gaza Strip. 
H0b: There is no significant awareness about rework in construction projects in Gaza 
Strip. 
H0c: There is no significant interest between parties  to reduce rework in construction 
projects in Gaza Strip. 
1.5 Methodology 
The research design will be descriptive in nature, comprised of an initial exploratory 
study, a questionnaire survey and four case studies. The study population and the 
sample size will be confined within Gaza Strip. The data will be obtained from 
consulting agencies, construction companies and public owners. Briefly the 
methodology will be in three parts; 
The first one will depend on previous studies about rework and its relationships with 
construction industry specially practical studies where this scope has not been studied 
in Palestine.  
The second part the researcher will investigate contracting parties awareness regard 
rework, identify causes of rework and determine their degree of occurrence and their 
severity on the performance (time and cost) and determine the measures for reducing 
the occurrence of rework in construction projects in Gaza Strip. Questionnaire will be 
the main tool to achieve that.  
The third part the researcher will study and analyze four case studies by reviewing  
documents and reports of finished construction projects in addition to making 
interviews with owners, contractors, projects engineers and managers of these 
projects. This part will concentrate on determining the impact of rework on project 
performance ( cost and time), by calculating rework delay and cost. 
Chapter 1                                                                                                   Introduction 
 
   4 
1.6 Scope and limitations 
The study was limited to data gathered from the construction industry in the Gaza 
Strip in Palestine. Information will be gathered from the following stakeholders in 
both construction and consultancy firms: contractor, site managers, architects, 
quantity surveyors, project managers and engineers. 
Because of the non-proliferation of the concept of rework between construction 
industry stakeholders in Gaza Strip, the study will depend on interpret the terms and 
concepts to participants in the study. For example, when estimating the cost of direct 
and indirect reworks, the researcher has grouped costs resulting from the impact of 
rework, although the companies and the participants did not mention in the documents 
explicitly that over cost because of rework. 
 In order to comply with internationally accepted ethical standards, the name of 
participant organizations and individuals will not be recorded on research instruments. 
No compensation will be paid to any respondent or participant in the study. Quality 
assurance will be made with respect to the following aspects: 
 General conduct and competence of interviewers 
 Quality of data captured 
 Accuracy in calculations 
 Correctness and completeness of questionnaires, especially with open-ended 
questions. 
1.7 Content of the thesis 
Chapter One: Introduction – the introductory chapter comprises the background 
information, the problem statement, aims and objectives, preliminary methodology, 
limitations and structure of thesis. 
Chapter Two: Literature review – the literature review emphasizes the previous 
works of numerous authors related to the study, discussing some of the literature 
related to the root causes and impact of rework in construction projects. 
Chapter Three: Methodology – this chapter highlights the methodology utilized to 
drive through the study to establish the aims and objectives. It also discusses the 
sample size, data collection instruments and how these were administered. 
Chapter Four: Results and discussion – through this chapter analyses and results of 
the contextual data collected were shown, the findings from questionnaire survey and 
case studies will be analyzed, interpreted and discussion.   
Chapter Five: Conclusions and recommendations – Based on the analysis, this 
chapter concludes the study and offers recommendations. 
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Chapter 2 : Literature review 
2.1 Introduction 
In this chapter, the literature review includes the definition of rework, the 
determination of rework in construction industry, methods of measuring rework, 
classification of the causes of rework, rework impact on construction projects 
performance, and measures for reducing the occurrence of rework in construction 
projects. 
2.2 Occupational characteristics of the construction industry in Gaza Strip 
The construction industry is almost as old as nature itself and unlike many 
manufacturing industries, is concerned mostly with one-off project (Oyewobi and 
Ogunsemi, 2010). It  is one of the major  industries  in the economic growth and 
civilization. A huge amount of money, time and energy consuming in this part  
indicate  the  important  role of this industry (Meshksarr, 2012). The construction 
industry is very important in the economic development of any nation especially in an 
expanding economy like Palestine (El Sawalhi and Enshassi, 2004 ). 
Construction sector has a significant impact on Palestinian economy and the tool 
through which a society achieves its goals of economic growth and development, its 
share of Gross Domestic Product (GDP) about 20% in normal time (Elnamrouty, 
2012). The sector has played a crucial role in extending job opportunities for 
Palestinian labor force. Prior to the Israeli re-occupation of the Palestinian territories 
on September 28, 2000  construction sector used to employ an average of 22.3% of 
Palestinian labor force. However, the sector now employs 10.8% of the labor force 
only; this sector also employs about 30% of laborers indirectly in industries related to 
the construction sector and other services and productive sectors (Osaily, 2010). 
On the other hand, the Palestinian Central Bureau of Statistics (PCBS) showed that 
the value added of the construction sector in the Gaza Strip has declined from US$ 
130.1 million in 2005 to US$ 38.5 million in 2009, this is due to the general ban on 
the import of basic construction materials has been in place since the imposition of the 
Gaza blockade in 2007. During the period of 2010 – 2011 the contribution of 
construction sector in the GDP has increased gradually from 7.4% in Q1-2010 to 
11.3% in Q3-2011 (MAS 2012). The rise contribution of the construction sector in 
GDP was mainly due to the significant growth in the construction sector in the Gaza 
Strip during 2010 - 2011. This growth was spurred by the Israeli‘s relative ease of the 
siege in terms of partially allowing construction materials into the Gaza Strip (MAS 
2012). 
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Construction projects located in the Gaza Strip, Palestine suffer from many problems 
and complex issues. Consequently it is faced with the significant problems of high 
cost of project delivery, bad financial performance and inability to deliver value to 
customers on time(Enshassi et al., 2009). As a result, the industry has been criticized 
extensively for poor performance and inefficient  productivity (Simpeh, 2012). Delay, 
overall cost and dissatisfaction are main problems face the construction industry in 
Gaza Strip (Enshassi et al, 2007). Enshassi et al., (2009) indicated that rework is a 
serious problem in the construction industry and has been identified as one of the 
main causes of schedule delays, cost overruns and parties dissatisfaction in Gaza 
Strip. 
2.3 Definition of rework  
Generally, reworks and wastages are known as non-value adding symptoms that affect 
the productivity and performance in construction projects (Alwi et al., 2002). The 
construction management literature offers several interpretations of rework, which 
differ in terms of verbal description, scope, and measurement.  
There are various interpretations and definitions about rework. Terms include: 
"quality deviations" (Burati et al., 1992), "nonconformance" (Abdul-Rahman, 1995), 
"defects" (Hammarlund and Josephson, 1999) and "quality failures" (Barber et al., 
2000). Rework can be described as unneeded effort of redoing an activity or operation 
that was enforced in a wrong way from the beginning (Love and lie, 2000). 
By the meaning of conformance, two major definition of rework can be provided. 
According to the definition of construction industry development agency, (CIDA, 
1995) rework is doing something at least one extra time due to non-conformance to 
requirements. The second definition describes rework as the procedure that makes an 
item to adjust with the requisites by correction or completion (Ashford, 1992). 
Construction Industry Institute (CII, 2001a) defines field rework as activities that have 
to be done more than once or activities that remove work previously installed as part 
of a project. Fayek et al., (2003) have followed and modified the CII‗s (2001a) 
definition of field rework and defined field rework as: "Activities in the field that 
have to be done more than once in the field, or activities which remove work 
previously installed as part of the project regardless of source, where no change order 
has been issued and no change of scope has been identified by the owner".  
Josephson et al., (2002) defined rework as "The unnecessary effort of correcting 
construction errors". This definition has been modified by Love (2002a) to be: "The 
unnecessary effort of re-doing a process or activity that was incorrectly implemented 
the first time". Love and Edward (2004a) redefined previous definition as: " the non-
required effort of re-doing a process or activity that was faulty executed at the first 
time". This agreed with  Hwang et al., (2009) point view about rework where work 
must be redone because it was not following requirements. 
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Another definition which emphasizes the essence of rework is "work that is made to 
conform to the original requirements by completion or correction at least one extra 
time due to nonconformance with requirements" (McDonald, 2013). 
This definitions was selected to be adopted definitions by this study. However, the 
definition of rework deviates from researcher to researcher depending on their studies 
scopes. Various definitions of rework are shown in Table 2.1. 
Table 2.1: Summary of rework definitions 
Author(s) Rework definitions 
Burati et al., (1992) Quality deviations 
Ashford, (1992) 
Process by which an item is made to conform to the original 










Barber et al., (2000) Quality failures 
Love and lie (2000) 
Unneeded effort of redoing an activity or operation that was 
enforced in a wrong way from the beginning 
CII, (2001a) 
Activities that should be done many times and activities which 
result in undoing the work that is already performed 
Alwi et al., (2002) 
Reworks and wastages are known as non-value adding symptoms 
that affect the productivity and performance in construction projects 
Love P. E., (2002a)  
Unnecessary effort of redoing a process that was incorrectly 
implemented the first time 
Josephson et al., 
(2002) 
The unnecessary effort of correcting construction errors 
Fayek et al., (2003) 
Activities in the field that have to be done more than once in the 
field, or activities which remove work previously installed as part of 
the project regardless of source, where no change order has been 
issued and no change of scope has been identified by the owner 
Love and Edwards, 
(2004a) 
The non-required effort of re-doing a process or activity that was 
faulty executed at the first time 
Hwang et al., (2009) Work must be redone because it was not following requirements 
Zhang, (2009) 
Rework is doing something at least one extra time due to non-
conformance to requirements 
McDonald, (2013) 
Work that is made to conform to the original requirements by 
completion or correction at least one extra time due to 
nonconformance with requirements 
Quite some researches about rework in construction industry have already been 
executed by several researchers. All of them defined rework or applied someone else's 
definition at the start of their research. Different definitions of rework are used and 
therefore different methodologies applied and different conclusions drawn. The fact 
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that all definitions are in the direction that the rework is waste and wise 
administrations should minimize is as much as possible. 
Because this research aims to identify causes and impact of rework in construction 
projects, the following definition as common definition which is derived from 
previous definitions in Table 2.1. 
Rework is: "The unnecessary effort (people, material, time and equipment) of re-
doing a process or activity that was incorrectly implemented the first time or was not 
needed actually to complete the work." 
2.4 Nature of rework 
The construction industry is faced with the significant problems of high cost of 
project delivery, bad financial performance and inability to deliver value to customers 
on time. As a result, the industry has been criticized extensively for poor performance 
and inefficient  productivity (Palaneeswaran, 2006). Rework is a serious problem in 
the construction industry and has a negative impact on performance and productivity 
(Enshassi et al., 2009; Love, 2010, Simpeh, 2012). Every construction project is 
unique and unpredictable so occurring of rework is unavoidable (Alwiet al., 2001). 
Quality management principles and tools are not strongly embedded in conventional 
construction management practice. As a result, rework is accepted as an inevitable 
feature of the construction process (Alwi et al,1999). 
Rework is a major contributor to time wastage and schedule overruns which 
eventually impact on cost, resources and quality (Love and Edwards, 2004a). Cooper 
(1993) stated that rework emerges as overtime, the additional hiring of resources such 
as labour and plant workers, schedule slippage, and reductions in project scope and 
quality. The adverse consequences of rework include reduced profit, loss of market 
share, damaged reputation, increased turnover of management and workforce, lower 
productivity, higher costs, and finally, costly litigation between participants over 
responsibility for overruns and delays (Williams and Howick, 2000). 
Due to complex characteristic of construction, amendments may be deemed inevitable 
in some instances; however, uncontrolled occurrences of rework and wastages should 
actually be more effectively controlled (Simpeh, 2012). This will essentially improve 
various targeted objectives of construction project management with respect to 
timeliness, cost targets and product and service quality (Palaneeswaran, 2006). 
Rework may happen because of the lack of quality control, insufficient maintenance, 
using unskilled workers and inadequate tools, etc. The reworks sometimes are 
happening as demolishing and rebuilding and sometimes as requirement of extra 
works (Wasfy, 2010; Mastenbroek, 2010; Meshksarr, 2012). However, little is known 
about the background and consequently, rework remains an innate problem (Love and 
Edwards 2004a). Furthermore, because factors that contribute to its occurrence are not 
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fully understood, the derivation of appropriate strategies for its reduction is 
problematic. Hence, a comprehensive appreciation of the mechanisms that cause 
rework will enable project performance improvements to be made (Zhang, 2009; 
Simpeh, 2012). 
2.5 Rework as waste in construction projects 
Nowadays, the construction industry faces many challenges with issues related to 
construction waste (Sadri, et al., 2011). During the past two decades, the amount of 
waste has increased significantly, due to the increase in the standard of living, 
changes in consumption habits, as well as the natural increase in population. Thus, 
construction waste has become a serious problem in many countries (Nagapan, et al,. 
2012a). Numerous reports and studies have investigated issues on waste which lead to 
negative impact to the environment, cost, productivity, time, social and economy 
(Nagapan, et al,. 2012b). These waste generation activities consume time and effort 
without adding values to the client thus resulting losses in material, delay in meeting 
the stipulated time and execution of unnecessary work (Al-Hajj and Hamani, 2011). 
Enshassi (1996), found from a study of 86 housing projects in the Gaza strip that the 
materials losses resulting from direct and indirect wastes were about 3.6–11%, which 
was significantly higher than the values that were normally allowed (2–4.5%). Al-
Moghany, (2006), analyzed 92 causes of material waste in Gaza Strip showed that the 
main causes of material waste are: reworks that don't comply with drawings and 
specifications, rework due to workers‘ mistakes, conversion waste from cutting 
uneconomical shapes, ordering of materials that do not fulfill project requirements 
defined on design documents, and waiting for replacement, inappropriate storage 
leading to damage or deterioration, use of incorrect materials that require 
replacement, poor workmanship, burglary, theft and vandalism and lack of workers or 
tradesmen or subcontractors‘ skill. In the other side the results of analyzing 92 causes 
of time waste showed that the main causes are: rework that don't comply to drawings 
and specifications, lack of materials(closure), rework due to workers‘ mistakes, 
effects of social and political conditions, owner‘s poor communication with the 
construction parties and government authorities, equipment frequent breaking down, 
slow in making decisions, ambiguities, mistakes, and inconsistencies in drawings and 
using untrained labors. The results indicated that the level of material and time waste 
in Gaza Strip construction industry is fairly high and rework is significant cause of it. 
Al-Hajj and Hamani, (2011) conducted a study to determine the main direct causes of 
material waste in the United Arab Emirates (UAE) construction sites, they identified 
the main causes as: workers lack of awareness; poor design resulting in excessive off-
cuts; and the rework and variations. In contrast, rework was ranked as the third factor 
which causes material waste in the UAE construction sites. 
In Malaysia Nagapan, et al,. (2012b) identified factors causes of construction waste in 
Malaysia. The most significant factors causing construction waste were: poor site 
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management and supervision, lack of experience, inadequate planning and scheduling, 
mistakes and errors in design and mistakes during construction. Thus, the study 
proved that mistakes during construction having strong positive correlation with 
Rework, 0.829 correlation value. 
2.6 Rework Cost 
Building Research Establishment in the UK (BRE, 1982) stated that 15% savings on 
total construction costs could be achieved through the elimination of rework, and by 
spending more time and money on prevention. Likewise, Low and Yeo (1998) 
advocated that substantial reductions in appraisal costs can be achieved by eliminating 
the root causes of rework. Love (2002d) stressed that there is a lack of uniformity in 
the way in which rework cost data have been collected because of the various 
interpretations as to what constitutes rework. Arguably, the measurement of rework 
costs in itself does not result in improvement; it merely provides the starting point for 
establishing new knowledge (Love and Holt, 2000).  
In fact it is essential to identify the costs and causes of construction rework in order to 
amend the performance of projects (Love and Li, 1999b). Measuring the level of 
rework can be utilized by management to evaluate how quality has been managed and 
to discover problems within the construction process. Love (2002d) suggested that 
design and construction organizations must implement a quality management system, 
supported by a quality cost system, in order to reduce the costs of rework. Only when 
organizations begin to measure their rework costs carefully they will fully appreciate 
the economic benefits of achieving high quality.  
Love and Li (2000) agreed that prevention and appraisal costs are unavoidable costs 
that must be incurred by construction companies and consultant firms if their products 
and services are to be delivered right the first time. Davis et al., (1989), Low and Yeo 
(1998), and Abdul-Rahman (1993) have stressed the importance of measuring the costs 
of rework as a part of quality cost. There are plenty of methods for calculation quality 
costs. As an example, costs can be classified as conformance costs and non-
conformance costs. Conformance costs include indoctrination, training, verification, 
validation, testing, maintenance, inspection and audits. Conversely, non-conformance 
costs include items like waste of material, warranty repairs and rework (Love and Li, 
2000). 
The other method of measuring costs of quality is suggested by Feigenbaum (1991). He 
classifies them into prevention, appraisal, and failure, Where costs of prevention 
include the total amounts invested or spent to prevent or leastwise importantly reduce 
defects or errors and with the purpose of eliminating their causes or resources before 
they occur, in the other side appraisal costs comprise the moneys spent on the catching 
of defects or errors by comparing different items with required level and standard 
specifications. Items such as: structural and architectural drawings, materials (such as 
bricks, door hardware, reinforcement, etc), work in progress and finished products, and 
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there are two types of failure costs. The internal failure costs are the costs of detects or 
errors and fixing them while the product is still under control. On the opposite hand, 
external costs of failure are those incurred because of defects or errors identified after 
the product released or operated, and it is no more under control (Meshksarr, 2012). 
Rework can lead to several overruns on project cost , and so these overruns indicate that 
somewhere in the construction process rework might have occurred. Mastenbroek  
(2010) identified three direct consequences of rework  Indicators; The first indicators 
redoing things takes time and might therefore lead to time delay. Rework can definitely 
influence the project planning. Time overrun might be a consequence of rework.  A 
second indicator is labor overrun. If work has been done incorrectly this can be seen as 
non-productive time and rework takes effort and thus extra labor. If more hours (and 
thus more labor costs) were needed to realize a project than estimated, it might have 
been because of rework actions. The Third  indicator is rework often means that parts of 
a structure have to be scrapped and new material is needed to rebuild it. Extra material 
used might indicate rework as well. The indicators mentioned by  Mastenbroek (2010) 
have one thing in common. Delay, extra labour and extra materials cost money and cost 
overrun might therefore be the most important impact of rework.  
2.6.1 Direct cost of rework 
Love (2002a) stressed that direct costs are readily measurable, often quoted in 
evaluating  quality of workmanship and representing a significant proportion of total 
project costs. Tommelein et al.,  (2007) stated that direct rework cost includes man 
hour, schedule, equipment, materials and space. The Construction Industry 
Development Agency in Australia (CIDA, 1995) has estimated the direct cost of 
rework in construction to be greater than 10% of project cost. Numerous studies have 
attempted to quantify the direct costs of rework in building and engineering projects 
(Burati et al., 1992). These direct costs of rework have been found to be as high as 
25% of contract value (Barber et al., 2000). Direct cost of rework are rather easy to 
identify if administration has been done properly, but in the other side there are also 
many indirect consequences of rework (Love, 2002a). 
2.6.2 Indirect cost of rework 
Indirect costs are not directly measurable and include loss of schedule and 
productivity, litigation and claims, and low operational efficiency (Love 2002a). 
Similarly Tommelein et al.,  (2007) stated that indirect costs have to do with 
performance factors, changeover, coordination and network impacts. 
Love (2002a) indicated that There are the indirect costs of rework, these are a lot 
harder, if not impossible to trace. For example, the direct cost of a particular rework 
consist of the labor costs for the time needed for the rectification and the extra 
materials that were used. Though the employee might have to travel to the 
construction site, in the meantime not being able to work elsewhere. So there is the 
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hourly payment for the travelling time and the additional loss of productivity. These 
are examples of indirect costs. Love found the indirect costs to be as high as six times 
the direct costs (Meshksarr, 2012).  
Love (2002d) opined that there is little known about the indirect consequences of 
rework in construction projects, especially the financial costs. Besides, there has been 
limited research that has sought to determine the indirect costs of rework in 
construction projects. In a study conducted by Love (2002d) to audit the indirect 
consequences of rework in construction, he found that the most significant indirect 
cost for the drafting firm was related to the extension of its original contract period for 
the project, as this affected the organization's capacity to take on new contracts. 
2.7 Factors influence occurrence of rework 
Rework is expected to occur in all construction projects. Love et al. (1999a) have 
developed a model to indicate the factors that could influence rework, by applying the 









Figure 2.1: Interactions among the three sub-systems of a project influence rework 
Source: (Love et al., 1999a) 
The major elements or items that have to be regarded in a sub-system of 
technical/operational are: operating environment, the contractual method, level of 
technology, and the technical support. These items determine the issues that are 
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alignment, and realization of customer needs. The main factors of human resource 
subset of a system are: skill availability, manpower, procedures of communication, 
and employee morale. These elements influence the skill level, training needs, 
motivation of employee, and the process of making decisions in construction system 
and project organization both (Love et al., 1999a). 
Love et al., (1999a) indicated that presence of quality management functions has 
direct effect on consultant/contractor relationship, contractor/subcontractor 
relationship, implementation of feedback mechanism, and it has inverse effect on 
design errors. Consultant/contractor relationship influence teamwork/joint problem 
solving which affect on-site problem solving both positively. Contractor/ 
subcontractor relationship act upon productivity and performance directly. 
Implementation of feedback mechanism influence incidences of non-conformance 
negatively, which has the positive effect on rework. Finally, on-site problem solving, 
design errors, and productivity and performance influence production cost inversely, 
while rework act upon production cost directly.  
According to Love and Edwards (2004a), the root causes of rework can be 
categorized into three different factors: 1) client-related, 2) design-related and 
3)contractor-related factors, including site management and subcontractor factors. A 
basic overview of such rework factors are as follows: 
2.7.1 Client-related factors 
Palaneeswaran (2006) identified some client-related factors: a lack of experience and 
knowledge of design and of the construction process; a lack of funding allocated for 
site investigation; a lack of client involvement in the project; inadequate briefing; 
poor communication with design consultants; and inadequacies in contract 
documentation. Deficiencies in communication flow between the client and design 
team members can result in documentation errors and omissions occurring (Simpeh, 
2012). 
2.7.2 Design-related factors 
Lack of design coordination and integration on the part of the design team leads to 
design deficiencies and exacerbates the causes of rework. This opinion is supported 
by Josephson and Hammarlund (1999) who pointed out that the source of design-
related rework in construction is primarily communication problems. One cited study, 
conducted by Love and Li (2000), quantified the causes and cost of rework on 
construction of residential homes and industrial warehouses. The study found that 
poor coordination and integration between design team members hindered the flow of 
information among them.  Love, et al, (2010) argued that lack of professionalism by 
design professionals due to reduced design fees can further result in inadequate 
contract documentation being produced. This also leads to rework and may in the long 
run emerge as a dispute and consequently tarnish the image of participants. 
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2.7.3 Contractor-related factors 
The inability of many supervisors to plan work, communicate with workers and direct 
activities adequately is fundamentally linked to increasing amounts and costs of 
rework (Simpeh, 2012). Palaneeswaran (2006) indicated that the quality of site 
supervision has a major influence on the overall performance and efficiency of 
construction projects. Inadequate supervision is believed to be one of the major causes 
of rework. Therefore, experienced and well-trained supervisors have an important role 
in minimizing the amount of rework due to construction defects (Alwi, et al., 1999). 
Site management team and subcontractors‘ project success is dependent upon the 
effectiveness of the main contractor‘s construction planning efforts (Simpeh, 2012). 
Cusack (1992) stressed that projects without a quality system in place typically 
experience a 10% cost increase because of rework.  
Simpeh (2012) indicated that in additional to above three factors other factors 
contributing to rework included; Setting-out errors: errors resulting from the 
misreading of dimensions on the working drawings and building out of alignment, 
Disturbances in personnel planning: errors resulting from in increased defects and 
poor workmanship which may arise as a result of excessive workload, multitasking 
and unwarranted pressures for early completion. Also, a disturbance in personnel 
planning occurs when staff is reallocated, Failure to provide protection to works: 
errors resulting from, for example, erection of scaffold on floor finishes such as tiling 
without protection. Also, failure to provide protection during painting work whereby 
paint splashes on floor finishes and sanitary fittings. Failure to protect certain parts of 
a building during alteration works. Palaneeswaran (2006)mentioned other factors 
influencing rework occurrence include the nature of the works, the procurement 
method and the complexity of the project. 
Love and Edwards, (2004a) presented a conceptual model of rework in Figure 2.2, It 
portrays project characteristics, organizational management practices and project 
management practices as the factors impacting directly or indirectly rework and 
subsequently influencing productivity and project performance. Where this factors 
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Figure 2.2: Conceptual model of rework 
Source: Love and Edwards (2004a). 
 
2.7.4 Project Characteristics 
Love and Edwards (2004a) identified project characteristics that may have an impact 
on project performance. These characteristics include procurement method, tendering 
method, project type, facility type, contract value, contract duration, cost growth, 
schedule growth, negotiated contracts, gross floor area, and number of stories. 
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However, after Love and Edwards,(2004a) conducted their study, they found that only 
procurement method as a project characteristic could influence rework. 
Procurement and tendering method those involved in the procurement of buildings 
invariably do not realize the extent of rework  that actually occurs (Love et al., 
1999b).Love et al., (1999b) conceded that there is an escalating need to improve the 
quality of operations throughout the procurement process in order to reduce the 
occurrence of rework. The type of procurement method may then influence the extent 
of rework that might occur in a project. For instance, non-traditional methods are 
subject to higher rework levels than traditional methods, especially when errors, 
omissions, or changes occur (Love, 2002a). Traditional methods can provide clients 
with cost certainty, whereas non-traditional methods are often used when the pressure 
of early completion is imposed on the project (Clough et al., 2005). Maizon (1996) 
concluded that one of the principal reasons for the construction industry‘s poor 
performance is the inappropriateness of the procurement systems selected for 
construction projects. 
Palaneeswaran (2006) indicated that there are more rework occurrences in building 
works than in civil works due to different interface-related management issues such as 
the lack of coordination between building contractors and building services, as well as 
poor communication between design team and construction team. According to Love 
(2002d), construction projects involving refurbishment and renovations are prone to 
considerably higher rework costs than new build projects because of the degree of 
uncertainty and complexity associated with the building work undertaken. That mean 
nature of the works is influential factor influence  the occurrence of rework in 
construction projects. 
2.7.5 Organizational Management Practices 
Love and Edwards (2004a) identified organizational management practices that may 
have impact on rework and project performance. These practices comprise 
organizational learning practices, quality management practices, size of firm, 
turnover, governance, and audit and control. Organizational learning is a wide term 
that can explain different types of learning in an organization, such as programs to 
train individuals, group decision making related to data, dialogue and reflection, a 
meaningful effort to raise learning to ameliorate organizational performance (Opoku 
and Fortune, 2011). One example of the organizational learning practices is that errors 
and defects could be noticed and then identified only after their occurrences, and then 
they should be used as learned lessons for improving future projects (Josephson et al. 
2002), otherwise, if errors and defects could be repeated in future projects. 
Wasfy (2010) listed number of organizational management practices which may 
influence occurrence of rework which is summarized in Table 2.2. 
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It is divided into six categories, 
design practices, planning 
practices, system practices, 
goal practices, positioning 
practices, and interaction 
practices. Each of these 
practices has a framework 
containing key philosophies. 
-Failure to implement any 
of the six categories 
practices may lead to 
rework 
-Turnover of the work 
force could lead to more 
rework because it will 
take some time for the 
new employees to adapt 
to their new positions. 
Size of the firm 
As the firm size gets much 
larger, there is a tendering of 
lack of communication, 
coordination, and employees 
alienation which all could lead 
to rework 
-lack of communication, 
coordination, and 
employees alienation 
which all could lead to 
rework 
Governance of the firm 
The group of principles that 
controls the division of rights 
and responsibilities between 
the management, the board, the 
shareholders, and other 
stakeholders 
-Compromising those 
rights and responsibilities 
will negatively impact 
quality and hence 
increase the potential for 
rework 
Audit and control 
Important changes in design 
must be reviewed and 
authorized through a 
systematic and well organized 
scope and change control 
program that has been well 
studied by the client's 
representative side by side with 
the project team. 
-Lack of auditing means 
more possibilities of 
client changes in design, 
which results in more 
rework 
Source: Adapted from (Wasfy, 2010) 
 
2.7.6 Project management practices 
Love and Edwards (2004a) identified project management practices that may 
contribute to rework occurrences and may have impact on project performance and 
productivity. These practices include those related to client, design team, site 
management, subcontractors, project scope, contract documentation, communication, 
project strategies, and design management. Palaneswaran (2006) stated that clients 
could cause rework occurrences to happen when they make changes to works after 
some work has been commenced. Other factors related to clients that contribute to 
rework include lack of knowledge and experience regarding design and construction 
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processes, inadequate funds targeted to site investigation, and insufficient clients' 
involvement in the project. Love and Edwards (2004b) suggested that design team 
could be a contributor to rework occurrences, if there were no coordination and 
integration among the team members throughout the contract documents production 
process. 
Site management is a factor that could cause rework as proposed by Palaneeswaran et 
al. (2005), that poor planning and coordination of resources and wrong usage of 
quality management practices were the most frequent causes among site management 
related factors that were causing rework. Among subcontractor-related factors which 
cause rework are damages, defects, poor workmanship, insufficient managerial or 
skills of supervision, and using poor quality material (Palaneswaran, 2006). 
Concerning the project scope, when it is not properly defined or if the requirements of 
the occupier or the client are incomplete or limited by the time of finalizing contract 
documents, then changes by clients or occupiers will be a necessity during 
construction and consequently will cause rework (Love and Edwards, 2004a). 
Contract documentation is a factor which causes rework. For instance, the lack of 
experience of the design team or when little time is allocated to contract documents 
will cause errors in the contract documents which will eventually result in rework. 
Additionally, poor coordination within the design process could contribute to the 
occurrences of service clashing which could cause rework (Love and Edwards 
2004b). 
Communication is a very big contributor to rework in construction as described by 
Love and Sohal (2003). Poor communication between clients and design consultants 
leads to rework because most of clients build only once in their lives and as a result 
they would not be familiar with what they should do throughout the design and 
construction processes. 
Procurement strategies include contractual incentives, project quality management 
systems, pre-qualification, and rational contracting. As proposed by Bubshait (2003), 
the use of incentives and disincentives in contract provisions ascertains that 
contractors do the best they can to handle factors contributing to labor productivity, 
cost and time overrun in projects, thus reducing the possibilities of rework 
occurrences. 
Design management may contribute to rework. Love et al., (2004) identified strategies 
for design management including value management, design for construction, 
computer visualization, subcontractor/supplier involvement in design, constructability 
analysis, design scope freezing, and team building. Value management is a technique 
used for reevaluation of the functionality and client‘s requirements to reduce the 
client‘s changes during construction which may result in rework. Also the ineffective 
use of IT by design team members contributes to rework. The lack of interaction 
which is an example of the ineffective use of information technology can result in 
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non-timely information transfer among design team members can impose significant 
restrictions on decision making(Wasfy, 2010). 
2.8 Rework categories 
Most studies on rework classified rework into four categories; change, error, 
omission and damage. This categorization had already been applied by Farrington 
(1987).  
2.8.1 Errors 
Farrington (1987) and Love et al, (1998b) defined errors as any item or activity in a 
system that is performed incorrectly resulting in a deviation. Rework is exacerbated 
by errors made during the design process, errors which then appear downstream in the 
procurement process and construction phase (Love et al, 1998b). According to Busby 
and Hughes (2004) errors are often not readily identifiable and often only become 
evident after a period of incubation in the system. The extent of rework required, then, 
depends on how long the error has remained unnoticed. For instance, a dimensional 
error or spatial conflict contained within design documentation may not arise until the 
project is being physically constructed on-site (Simpeh, 2012). 
According to Love et al., (2005), errors occur as a result of a complex range of 
interactions, and hence attempting to isolate a singular contributory variable is an 
unseemly strategy to undertake. Once an understanding of the typical nature and 
underlying dynamics of errors is acquired, only then can error reduction and error 
containment strategies be implemented in projects (Love et al, 2008). 
As error goes undetected,  the greater likelihood of rework occurring that significantly 
impacts cost and schedule (Simpeh, 2012). The Construction Industry Institute (CII) 
(1989) studied nine large industrial construction projects found that rework due to 
design error contributed an average of 79% of total rework cost.  
2.8.2 Omissions 
Farrington (1987) defined omissions as any part of a system including design, 
construction, and fabrication, that has been left out resulting in a deviation. According 
to Reason (2002), omission errors arise when the mental process of action control is 
subjected to strain or distraction. Omission errors are a result of pathogens within a 
system that translate into error-provoking conditions within the firm and project. 
Examples can cause omission errors include time pressure, understaffing, fatigue and 
inexperience. Reason (2002) further lamented that pathogenic influences contribute to 
unworkable relationships and procedures as well as design and construction 
deficiencies which consequently contribute to rework. Failure to undertake procedural 
tasks during the design process and continual design reuse are leitmotivs that emerge 
as practices contributing to omission errors (Simpeh, 2012). 
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The work practices implemented by organizations can aggravate similar errors, 
regardless of the skills and experiences of the people involved in a project. A typical 
example is the study conducted by Love et al, (2009) to investigate the anatomy of 
omission errors in construction and resource engineering projects. The study revealed 
that the issue of design fees was identified by respondents in the construction sector as 
a factor contributing to an omission and design-related rework. Simpeh (2012), 
moreover, stated that contractors and subcontractors are also susceptible to omission 
errors, as quality, safety and environmental management system constraints may not 
be always be strictly adhered to, and as a result, tasks or processes may need to be 
reworked. 
2.8.3 Changes 
Farrington (1987) defined change as a directed action altering the currently 
established requirements. Burati et al., (1992) stated that a change is essentially a 
directed action that alters current established requirements. Changes can have an 
effect on the aesthetics and functional aspects of the building, the scope as well as the 
nature of work, or its operational aspects. According to CII (1990), rework, 
specifically in the form of changes can have a negative impact on productivity and 
project performance. Burati et al., (1992), moreover, stated that a design-change 
client, for example, would indicate that a client would initiate a change to the design 
of the building and therefore require rework due to redesign. Design-related rework in 
the form of change orders is the major source of rework in construction projects 
(Simpeh, 2012). 
During a project many changes can occur. Some changes are attended, some 
unattended and both can have positive and negative influences on the project 
(Mastenbroek, 2010). Unattended dynamics have not been taken into account at the 
start of the project and might therefore influence the costs of a project (Love et al., 
2002c).Love and his fellow researchers state that these changes in circumstances can 
result in for example downtime and rework, not all the changes he mentioned will 
lead to rework. Table 2.3 which is adapted from Mastenbroek, (2010) research 
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Location conditions, uncertainties in the contract, 
uncertain durations for activities, uncertain costs, 
uncertain technical complexities, and resources 
availability and limitations 
Organization-related 
Different project stages require different skills, 
different contributors and other resources. Project 
participants vary through the construction process. 
Finance-related 
A company‘s financial capability/policies can 
change. The changed financial status of any party 
within the project team can affect, or in the extreme 
even jeopardize the project‘s expected outcome. 
Interest-related 
Although all project participants may appear to 
desire realization of project goals, the interactive 
constraints and interests between disciplines often 
cause conflict. This can hinder co-operation in 
dealing with changes and affect performance. 
Human-related The effectiveness of human resources might change 
External  uncertainties 
Government-related Regulations, taxes. Interest rates 
Economy-related 
Inflation, exchange rates, market competition, 
availability of labor, materials and finance 
Social Changing social environment, resistances 
Legal Changes in legislation: safety or planning laws 
Technological Materials, techniques, labor, facilities, machines 
Institutional influences Codes of conduct, education regulations 
Physical conditions 
Infrastructure, transportation, degree of saturation, 
district development plans 
Acts of God/Force Major Weather, natural disasters 
Source: Adapted from (Mastenbroek, 2010) 
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As explained, rework might also occur due to errors, omissions and damage. 
Construction errors are the result of incorrect construction methods and procedures 
and are human-related (Simpeh , 2012). Some examples of origins of errors are; 
certain aspects have been overlooked, lack of or bad communication, poor 
coordination and integration and lack of skills and training. Regardless of the skill 
level, experience, or training that individuals possess, errors and omissions may be 
made at any time (Love et al., 2009). Construction omissions are those activities that 
occur due to omission of some activities and damage may be caused by employees, 
subcontractors, weather conditions or natural disasters (Mastenbroek, 2010). 
Rework is not commonly described to include missing scope of work changes and 
change orders brought about by end users/owners, which are not necessarily 
considered non-conformance. Rather changes such as these instead stem from a desire 
to change due to budget constraints or other unrelated circumstances (McDonald, 
2013). Construction Owners Association of Alberta (COAA) research conducted by 
Fayekand others added a constraint with respect to field rework: rework caused by 
scope changes and order changes from owners is not categorized as field rework 
(Fayek et al., 2003). Moreover, field rework is not; Changes in project scope, Design 
errors or changes that do not involved with field construction activities, Missing or 
additional scope because of designer or constructor errors (however cost associated 
with redoing parts of work that interface or incorporate with missing or additional 
scope does include in the rework), Fabricator errors that are occurred and corrected 
off site, Modular fabrication errors that are occurred and corrected off site, 
Fabrication errors that are occurred on site and do not affect direct field activities (i.e., 
that are rectified without interrupting the construction activities flow) (Meshksarr, 
2012). 
2.9 Causes of rework per project phase 
Rework can occur in pretty much any phase in the construction process or in any 
department of a company. Burati et al., (1992) studied rework in five major areas; 
design, construction, transport, fabrication and operability. But rework can also 
occur in the management, administration or accounting department. Most research 
about rework has studied solely the design and construction phases (Mastenbroek, 
2010).Mastenbroek, (2010), Zack and Hughes (2012) and other researchers who 
designed controlling systems or computer programs which aimed to track rework in 
construction projects used  Burati et al., (1992) rework deviation categories, this 
classification facilitate approaches to keep eyes on what rework may happen in every 
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Table 2.4: Deviation Categories of the Causes of Rework Source. 
Deviation Category Description 
Construction Change 
Change in the method of construction: usually to 
enhance the constructability 
Construction Error Results of erroneous construction methods 
Construction Omissions Omission of some construction activity or task 
Design Error Error made during design 
Design omission Omission made during design 
Design change/Construction 
Changes in design made at the request of the field or 
constructional personnel 
Design Change/ Field 
Changes due to Field conditions, a deviation could not 
have been foreseen by the designer 
Design change/ Owner Design change initiated by owner (Scope definition) 
Design Change/ process 
Design change in the process, initiated by 
owner/designer 
Design Change/ fabrication 




Design revision, modification, and improvements 
Design Change/ Unknown Redesign due to an error 
Operability Change Change made to improve operability 
Fabrication Change Change made during fabrication 
Fabrication Error Error made during fabrication 
Fabrication Omission Omission made during fabrication 
Transportation Change Change made to method of transportation 
Transportation Error Error made in method of transportation 
Transportation Omission Omission made in transportation 
Source: (Burati re al., 1992). 
Mastenbroek, Y.C. (2010), reported from his internship at Grupo Willliams (GW) 
Where GW is a real-estate and construction company based in Honduras, Central 
America. This study was done to assess rework costs in construction projects of 
Grupo Williams and suggest improvements to reduce these rework costs. To achieve 
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this objective they determined the most relevant rework causes and its impact on 
projects cost. Five design and construct projects had been analyzed in this research. 
The most frequently occurring indicators apparently are rather permanent in GW's 
projects and because they happen so frequently it is very likely that they happen due 
to systematic errors or inefficiencies. The most frequently occurring indicators are 
listed in Table 2.5. 












A design change is initiated by the contractor 
A design change is initiated by the end user/occupier 
A design change is initiated due to financial changes 
A design change is initiated due to economic changes 










Changes in clients' wishes 
Extra orders by client 
Machine breakdown or defects 
Machine not working satisfactorily 
Late deliveries of materials 
A change in construction methods in order to improve 
constructability 
A change in construction methods due to site conditions 
Mistakes in executing rules 
Noncompliance of rule 
Slips/lapses of attention 
Damage caused by GW or a subcontractor 
Source: Adapted from Mastenbroek, Y.C. (2010). 
These most frequent indicators have been presented per category are 50% is change-
related, 37% is error-related and 13% falls into another category (Mastenbroek, 2010). 
2.10 Rework classifications 
Love et al., (1997) established a rework classification system based on the study of 
two construction projects: a residential development and an industrial development. 
The causes of rework are sorted into three principle groups: people, design, and 
construction. A number of common causes are included in each group, which 
enhances a user‘s understanding of the system. Depending on same classification 
Alwi et al., (2001) classified the causes of rework as illustrated in Figure 2.3.  
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According to this particular study, causes of rework related to People could be 
responsible for up to 60% of the rework costs. 
 
Figure 2.3 : The classification of causes of rework. 
Source: (Alwi et al., 2001). 
More detailed classification than Alwi et al., (2001), Fayek et al.,(2003) at the 
conclusion of a pilot study aimed at developing a standard methodology for 
measuring and classifying construction field rework which was Presented to: 
Construction Owners Association of Alberta (COAA), Field Rework Committee. The 
fish-bone consists of five broad areas of rework and four possible causes in each of 
these areas. The five broad areas include the following: 1) human resource capability, 
2) leadership and communication, 3) engineering and reviews, 4) construction 
planning, and schedule and 5) material and equipment supply. Of those identified in 
Figure 2.4, ―Engineering and Reviews‖ had the highest monetary weight at 
approximately 60%, according to one survey, far and above any other source 
identified in the figure. The second highest source was ―Human Resource Capability‖ 
at 21% and third highest was ―Material and Equipment Supply‖ at 15%, although the 
frequency of occurrence was far greater than the Human Resource weighting. 
―Construction Planning and Scheduling‖ and ―Leadership and Communications‖ had 
almost identical weighting. 
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Figure 2.4 : Classification model of rework causes 
Source:  (Fayek et al., 2003) 
 
2.10.1 Human resource capability 
Construction industry is  typically  characterized as a labor-intensive and low-tech 
sector. Meanwhile, it is also the sector consistently found the least productive.  
Therefore, one way to increase the performance of this sector is to leverage more on 
human capital through the use of human resource management (HRM) (Kokkaew and 
Koompai, 2012). Enshassi et al., (2007)indentified 45 factors that negatively affect 
construction labor productivity, rework was ranked 11th  among them. Fayek et al., 
(2003) identified four possible causes of rework due to human resource capability: 
excessive overtime, insufficient skills levels, inadequate supervision and job planning 
and unclear instructions to workers.  
Excessive overtime is typically utilized when the project is behind schedule. Toole 
(2005) proposes that such excessive overtime will cause fatigue to workers and 
consequently reduces productivity and result in poor quality of work which will lead 
to rework. 
An insufficient skill level is a factor which may lead to rework. Alwi et al., (1999) 
suggest that supervisors and labor skills are among the fundamental prerequisites for 
implementing any construction project, and they are inversely related to rework costs. 
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Palaneeswaran et al., (2005) also identify the lack of managerial and supervisory 
skills as a main factor that causes rework. 
Unclear work specification may lead to rework. Clough et al., (2005) suggested that 
specifications are the written guidelines which contains statements concerning all 
project requirements such as materials, workmanship, and operating characteristics. 
Love and Sohal (2003) stated that contractors most of the time are considered the 
managers of the production process; therefore they need the right information to better 
manage their subcontractors. Rework may incur if the information is incomplete, 
inappropriate or conflicting. 
Inadequate supervision, inexperienced supervisors and lack of skilled labor are the 
major causes of rework(Alwi et al., 1999). Therefore, experienced and well-trained 
supervisors have an important role in minimizing the amount of rework due to 
construction defects. Apart from this, construction environments are characterized by 
problems related to production, general quality of work, design changes, material 
quality and availability and capacity utilization (Simpeh, 2012). 
2.10.2 Leadership and communication 
Hwang, et al., (2009) maintained that poor leadership and communication and 
ineffective decision-making cause rework. Love et al., (2009) stated that the 
underlying contributors of rework due to poor leadership are strategic decisions taken 
by top management or key decision-makers who stimulate the conditions for the 
adoption of inappropriate structures, processes, practices and technologies for 
projects. Fayek et al., (2003) identified the following possible causes  pertaining to 
leadership and communication: ineffective management of project team, lack of 
safety and quality assurance and control commitment, poor communication and lack 
of operation persons‘ buy-in. Alwi et al., (2001) affirmed that quality management 
principles and tools are not strongly embedded in conventional construction 
management practice. As a result, rework, on many cases, is accepted as an inevitable 
feature of the construction process increasing the likelihood of project time and cost 
overruns, and ultimately leading to client dissatisfaction.  
2.10.3 Engineering and reviews 
Fayek et al., (2003) identified four possible causes of rework due to engineering and 
reviews: Late design change, Scope change, Poor document control, Errors and 
Omission. Love and Li (2000) revealed that errors and omissions appear to be major 
contributing factors to rework. The Building Research Establishment in the UK 
(BRE) (1982) found that errors in buildings had 50% of their origin in the design 
stage and 40% in the construction stage. Lopez et al., (2010) identified the following 
factors that cause design error: loss of biorhythm, adverse behavior, inadequate 
training of design consultants and competitive fees, and ineffective utilization of 
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computer-aided automation. In addition, inadequate quality assurance, ineffective 
coordination and poor integration of the design team were also identified. 
During construction, rework arose out of this incomplete and erroneous information. 
Every time a change was made in design, it had to be reworked by the design team, 
which in turn affected their fee (Love and Li, 2000). The other source of construction 
changes was direct from the architects, as they wanted to improve the functionality 
and aesthetics of the building (Love and Li, 2000). Lopez et al., (2010) argued that 
insufficient knowledge simply masks a more complicated problem inherent with 
design firms. 
When design is not sufficiently advanced it may cause rework. Josephson et al., 
(2002) suggested that there are some factors that may cause rework referring to design 
causes like incomplete designs. Love et al., (2004) suggested that when time boxing 
(limited duration) is allocated to design tasks, the result could be insufficiently 
advanced contract documents which will lead to rework. 
Scope and design changes also may cause rework. Love et al., (2004) explained that 
when design scope freezing is implemented the likelihood of rework to happen will 
reduce, and the reverse is also true. Design changes may cause rework whether those 
changes were initiated by clients, contractor, or design team members. Beside that 
poor document control, and errors and omissions in contract drawings may lead to 
rework(Love and Li, 2000). Love et al., (2004) suggested that poor technical 
knowledge and lack of experience can result in errors and omissions in contract 
drawings which may lead to rework. Love et al., (2000) clarified that many factors 
may lead to errors and omissions in contract drawings, such as low design fees, and 
schedule pressures which consequently may cause rework. 
2.10.4 Construction planning and schedule 
Fayek et al., (2003) identified four possible causes of rework due to construction 
planning and schedule: Unrealistic Schedules, Late designer input, Constructability 
problems and insufficient turnover and commissioning resourcing. Mastenbroek 
(2010) stated that the work preparation before the design and construction stage is 
imperative. Love (2002a) argued that the occurrence of rework can usually be put 
down to poor planning or devoting of insufficient time to the planning and design 
before commencing construction. Similarly Hwang et al., (2009) identified inadequate 
pre-project planning as a contributing factor to rework. For instance, changes due to 
improper planning contribute significantly to rework cost as opined by Josephson et 
al., (2002), costs which could be as high as 34%, wrong information (15%) and bad 
planning method (15%). 
Mastenbroek (2010) stated that a change in construction methods can lead to rework 
on site as well as numerous indirect consequences such as stress. According to Alwi 
et al.,  (2001), project managers acknowledge that in some cases, the causes might be 
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interrelated or lead to one another. For example, an inexperienced supervisor who 
makes a mistake in choosing the suitable construction method will certainly affect the 
construction process. Therefore, several construction methods should be considered 
and compared by analyzing aspects of each such as costs, reliability, availability of 
knowledge and equipment and applicability (Mastenbroek, 2010). 
2.10.5 Material and Equipment Supply 
Fayek et al., (2003) identified four possible causes of rework due to material and 
equipment supply: Untimely deliveries, Non-compliance with specification, Materials 
not in right place when needed, Pre-Fabrication to project requirement. Josephson et 
al., (2002) in their study to illustrative benchmarking rework and rework costs in 
Swedish construction industry indicated that noncompliance with specifications and 
untimely deliveries, either too late or too early, is a factor that contributes to rework. 
Among the material-related causes of rework, lack of material delivery was ranked 
the first. Josephson et al., (2002) noted that prefabricated components with wrong 
dimensions and quantities were unusual and thus were not contributing to rework. 
Materials were not in the right place when needed is a factor that may cause rework. 
Faults in material administration were identified by Josephson et al. (2002) as one 
major causes of rework. 
 
All mentioned rework causes and its main categories in previous studies have been 
classified according to the scope and nature of its research. As this study state 
determining rework causes as one of its main objectives. It can be concluded  that all 
mentioned causes and its categories can be collected together and modifying 
according to avoid repetition. For this thesis the researcher found that all mentioned 
rework causes by previous researchers can be listed under ten main categories which 
are: causes related to human resource  capability, causes related to leadership and 
communication, causes related to engineering and review,  causes related to 
construction planning and schedule, causes related to materials and equipment supply, 
client related causes, design related causes, contractor related causes and external  
environment  related causes.   
A summary of rework causes as mentioned in previous researches provided in the 
Table 2.6. 
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1.  Excessive overtime       √     √        
2.  
An insufficient skill 
level 












 √ √  
√ √ 





√ √ √   √ √         √ √  √ 
7.  
Insufficient training 
and skill development 
 √ √   √ √  √       √ √  √ 
8.  
Inadequate workers 
safety and welfare 
√ √ √               √ √ 
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9.  Poor leadership              √ √     
10.  Ineffective management  √      √             
11.  Lack of safety commitment   √    √       √     √ 
12.  
Lack of  quality assurance  
commitment  
  √    √       √      
13.  Lack of control   √    √       √     √ 
14.  Poor communication  √      √      √ √ √    √ 
15.  Chosen unsuitable persons       √             




 √    √   √    √   √ √  √ 
18.  
Lack of employee motivation 
and rewords 
√ √       √          √ 
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19.  Late design change       √  √           




√ √   √    √ √        √  
22.  Poor document control       √  √           
23.  Design errors and omission √    √  √  √           
24.  Loss of biorhythm √                 √  
25.  Adverse behavior     √             √  
26.  
Inadequate training of design 
consultants 
√                 √  
27.  
Competitive/  low design 
fees 
 √   √    √ √        √  
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Ineffective coordination and 
poor integration of the design 
team 
√    √ √   √         √  
29.  
Incomplete and erroneous 
design  information 
 √   √ √            √  
30.  Schedule pressures  √       √ √          
31.  
Ineffective utilization of 
computer-aided automation 
        √        
√ √ 
 
32.  Lack of training √        √        √ √  
33.  Lack of employee motivation √        √          √ 
34.  
Lack of  reward and 
Incentives 
√ 
       √       √ √  √ 
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35.  Unrealistic schedules       √             
36.  Late designer input       √  √           
37.  Constructability problems        √          √   
38.  
Insufficient turnover and 
commissioning resourcing 




√ √       √     √ √  √   
40.  Wrong information √  √   √  √         √   
41.  Bad planning method   √   √           √   
42.  
Change in construction 
methods 




  √   √              
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  √   √ 
√ 
        
√ 
  √ 
46.  
Materials not in right place 
when needed 
  √   √ 
√ 
        
√ 
  √ 
47.  
Pre-Fabrication to project 
requirement 
  √    
√ 
           √ 
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s 48.  
Lack of knowledge of design 
and construction process 
√ √           √      √ 
49.  
Lack of funding allocated for 
site investigation 
 √           √      √ 
50.  Lack of involvement   √           √  √    √ 
51.  Inadequate briefing  √           √      √ 















poor coordination and 
integration between design 
team members 
 √  √ √        √  √    √ 
54.  lack of professionalism  √           √ √     √ 
55.  Reduced design fees  √           √ √     √ 
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Inability of many supervisors 
to plan work 
 √ √       √   √       
57.  Poor communication  √        √   √       
58.  
Poor  quality of site 
supervision 
 √ √       √   √       
59.  Poor quality system  √        √ √         
60.  
Misreading of drawings and 
building out of alignment 
 √           √      √ 
61.  
Disturbances in personnel 
planning 
 √           √      √ 
62.  Poor workmanship  √           √      √ 
63.  Excessive workload √ √           √      √ 
64.  Competitive issues √          √         
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taxes. Interest rates) 
 √             √  √   
66.  
Economy(Inflation, exchange 
rates, market competition,) 




 √             √  √   
68.  
Legal(Changes in legislation: 
safety or planning laws) 




 √             √  √   
70.  
Institutional influences 
(Codes, education regulations) 





 √           √  √  √   
72.  
Acts of God/Force Major 
(Weather, natural disasters) 
 √             √  √   
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2.11 Rework impact on construction projects 
In a large complex environment that involves multiple levels of trades, suppliers and 
installers, and where many activities take place simultaneously, the likelihood for 
errors, omissions and poor management practices often cause neglect that can lead to 
quality failures, which must then be reworked (McDonald 2013). Errors are defined as 
unintended deviations from correct and acceptable practices and lead to project cost and 
schedule overruns, which are both unnecessary and avoidable (love , 2002). 
According to Love and Edward (2004a) conceptual model of rework, rework has 
effect on the productivity and project performance aspects e.g. with respect to costs, 
time, stakeholder satisfaction Figure 2.5. By the meaning of productivity, rework 
affects morale level, dilution of supervision, conflict, absenteeism, fatigue and 
communication. The direct impacts of rework on project management transactions 
include (a) additional time to rework, (b) additional costs for covering rework 
occurrences, (c) additional materials  for  rework   and   subsequent wastage handling, 
(d) additional labor for  rework and  related extensions of supervision manpower 
(Palaneeswaran, 2006).  
In addition to the direct impacts (i.e. with respect to time, cost, and resources) on 
specific activities and tasks, the rework occurrences will often have some indirect 
impacts subsequently. Thus, in poorly managed projects, the gross impacts of rework 
could be equal to or even exceed the anticipated profit margin levels (Palaneeswaran, 
2006). love (2002b) listed number of indirect consequences impacts of rework such 
as: (i) End-user dissatisfaction, (ii) Inter-organizational conflicts, (iii) Fatigue, (iv) 
Stress, (v) De-motivation, (vii) Work inactivity, (viii) Absenteeism, (ix) Loss of 
future work, (xi) Poor moral, (xii) Reduced profit, (xiii) Damage to professional 
image.  
The mentioned factors can greatly influence a company's present or future well-being 
but they can hardly be assigned a monetary value (Meshksarr, 2012). Furthermore, 
such ‗carry forward‘ impacts will increase the bid price levels (e.g. in future projects) 
and any undetected or lately detected rework  problems could be even more serious to 
all the stakeholders in a construction project (Palaneeswaran, 2006). 
Love (2002b) concluded that rework can seriously affect an individual, an 
organization and a project‘s performance indirectly.  At the individual level, stress, 
fatigue, absenteeism, de-motivation, and poor morale were found to be the primary 
indirect effects of rework. In fact, when an individual is subjected to prolonged work 
hours because of errors, changes or omissions, fatigue and stress are likely to emerge, 
increasing the likelihood of even further rework occurring (Simpeh, 2012).  
At the organization level, Love (2002b) identified reduced profit, diminished 
professional image, inter-organizational conflict, loss of future work and poor morale 
as indirect effects of rework. At the project level, work inactivity such as waiting 
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time, idle time, travelling time and end-user dissatisfaction were identified as indirect 
consequences of rework.   According Burati et al., (1992), rework specifically in the 
form of changes can have an effect on the aesthetics and functional aspects of the 
building, the scope as well as the nature of work, and its operational aspects.  
2.12 The impact of rework on construction cost 
The CII Capital Program benchmarking and metrics program collected data for 
approximately 360 projects where direct rework costs were measured as a portion of 
actual construction costs. CII developed a formula to calculate a metric known as 
Total Field Rework Factor (TFRF), which is expressed as Total Direct Cost of Field 
Rework over the Total Construction Phase Cost as a leading indicator used for this 
group data analysis.  
Formula for Total Field Rework Factor (CII, 2005): 
       
                                  
                             
 
The Building Research Establishment, which is located in the United Kingdom, 
figured out that 50% of the origins of errors in buildings are in the design stage and 
40% in the construction phase (BRE, 1981). The BRE (1982) indicated that by 
utilizing a quality control system significant cost benefits can be achieved. The BRE 
demonstrated that 15% of total construction cost can be saved by eliminating rework.  
Hammarlund et al., (1990a, b), an observer used to record failures of quality within 
the construction of a community service building which took two years to complete. 
A total number of 1,460 quality failures were registered on site, of which 80% were 
corrected satisfactorily and 8% not corrected at all. Over a three week period another 
21sites were inquired and the results indicated that 79% of failure costs came from 
20% of the registered quality failures. The correcting cost of failures demonstrated to 
be 6% of production cost and an estimation time of 11% of the total working hours 
were taken to remediate these errors. It was also showed the positive effect of a 
quality observer presence on the quality of the project.  
Cnuddle (1991) specified the costs of failures in construction by measuring the non-
conformance amount that happened on site. It was found that between ten percent and 
twenty percent of project cost is the cost of non-conformance. Moreover, total 
deviation costs were created during design stage was found to be 46% and deviation 
costs during construction was figured out as 22%.  
Burati et al., (1992) gathered quality aversions data from nine industrial projects. In 
this research, they attempted to identify the degree and causes of quality problems in 
construction stage and design phase. According to their study, quality deviations can 
cost as high as 12.4% of total project cost. Actually, Burati et al., (1992) described 
that the quality deviations cost can be even more because some costs such as costs of 
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schedule delays or litigation costs or any other intangible costs of poor quality are not 
included. Results of their study indicated that almost 80% of costs of deviations were 
related to design and 17% were construction related.  
Abdul-Rahman (1995) expanded a matrix of quality costs for measuring the non-
conformance cost of projects. His research outcomes revealed that the total non-
conformance cost was 5% of tender value.  
According to the case study which was conducted by Love et al., (1998c), in project A 
(residential apartment blocks) rework directly made the 3.15% cost of the contract 
value to be wasted and this cost for project B (industrial warehouse) was 2.40%. 
The results of study on ten high-rise buildings by Alwi et al., (1999) demonstrated 
that the rework costs ranged from 2.01% to 3.21% of the total project costs. This 
study compared the rework costs of different projects with the amount of their 
training costs which is indicated that rework costs and training costs usually have a 
negative relationship. It seems the more money spent on training, the less the rework 
cost is with the exception of one project. According to this study, contractors who 
have been conducted training programs regularly can reduce rework costs between 
11% and 22%. 
Barber et al., (2000) examined the cost of quality failures in two highway construction 
projects in UK  obtained using Design-Build-Finance-Operate. The quality failure 
costs including the costs of delay were 16% of the construction cost for project one, 
and 23% for project two. If the costs of delay were excluded, the relevant quality 
failure costs were 3.6% and 6.6%.  
Love and Li, (2000) conducted case studies of rework costs for a residential project 
and an industrial building project and found that the direct cost of rework was about 
3.15 % and 2.40 % of the value of the entire contract, respectively. They also 
identified that the cost of rework in civil and heavy industrial engineering projects 
could be significantly higher, averaging up to 12.4 % of the value of the contract. 
Love (2002) in his Australian based study, 161 projects were studied in another and 
the average of direct and indirect costs of rework were found to be 6.4% and 5.6% of 
the original contract value respectively. This study also showed that the project 
contractual type may not have substantial influence on the rework costs.  According to 
Love (2002) cost growth for 161 Australian construction projects surveyed found that 
rework as a percentage of the total cost growth could be up to 52%, and factors such 
as weather, client/end-user change orders contributed to the remaining 48%. A 
surprising finding of the project data revealed that 27% of projects were delivered on 
time despite experiencing cost increases due to rework. As it Known projects can be 
accelerated and resources allocated to compensate for any delays, which will 
inevitably increase project costs. 
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Josephson et al., (2002): in his Sweden based study identified the cost of defects from 
seven building projects which was ranged between 2.3% to 9.3% of contract value. 
The quality failure costs in another Sweden based study were found to be 6% of 
original contract value. Result Josephson et al., (2002) study, which is shown in the 
Figure 2.5, illustrates the rework causes by their categories and their influences in 
rework costs. Based upon their study, the factors influencing rework costs in order of 
precedence are: design, production management, workmanship, material, client, and 
machines. 
Figure 2.5: Factors contribute to rework and their influences in rework costs  
Source: (Josephson et al., 2002)  
 
Fayek et al., (2003) in a Canada based study, the rework causes were categorized with 
their cost contribution percentage. These findings derived as cost contribution 
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61.65 % 20.49 % 14.81 % 2.61 % 0.45 % 
  Source:  Adapted from Fayek et al., (2003).   
 
Rhodes and Smallwood (2003) in a South Africa based study, 13% of the value of 
completed construction was found to be as the cost of rework. In the same article it 
was mentioned that the results of research on nine industrial projects which was 
conducted by Associated General Contractors  of America indicated that the average 
cost of rework was 12.4% of the project cost. 
Love and Edwards (2004a) in their research for Construction Industry Development 
Authority in Australia research  found that in the projects without having a formal 
quality management system, the average rework cost is 6.5% of the contract value. 
However, this number for the projects with a quality management system was found 
to be 0.72%.  
Marosszeky (2006) in this Australia based study in New South Wales, the mean of 
rework costs were found as 5.5% of contract value including 2.75% as direct costs, 
1.75% indirect costs for main contractors and 1% indirect costs for subcontractors.  
Palaneeswaran (2006), in sampled private building project in Hong Kong which was 
observed by the direct costs of rework was found as 3.5% of original contract value 
and the related indirect costs was 1.7%. In this project, share of client, contractor and 
subcontractors in rework costs are as follow: a) client: 2% of direct costs and 1% of 
indirect costs, b) main contractor: 1% of direct costs and 0.5% of indirect costs, c) 
subcontractors: 0.5 of direct costs and 0.2% of indirect costs. The time overrun of this 
project was 2 months and the original period was 24 months. 
Zhang (2009) in his Canadian study which is conducted to trace rework in the 
Pickering Nuclear Power Station for three years. figures categorically illustrate the 
fact that additional costs due to rework have a considerable adverse impact on project 
performance. In addition to the impact of cost on project performance, the additional 
time required to redo the work would also result in a time shift or delay and would 
probably affect the project schedule. Table 2.8 summarize Zhang study results. 
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Table 2.8:  Rework Hours and Direct Cost as a Percentage of Total Work Size 
 
Source: Zhang (2009) 
Wasfy (2010) in the case study research on residential-commercial tower in Saudi 
Arabia indicated that  Rework increased the cost of the different work categories 
between 2% to 30%. Rework caused delays in the different work categories resulting 
in the increase of their original durations 10% to 77%. Additionally, rework caused 
clients and contractors dissatisfaction. 
Love et al., (2010) tried to determine rework costs in civil infrastructure, they noted 
that from 115 civil infrastructure projects surveyed, mean rework costs were lower 
than the previously reported mean rework costs for building construction projects. 
The results that influence direct rework costs on cost growth for civil infrastructure 
projects were also considerably less than in building construction: 12% compared to 
26% respectively, more than half of what was reported in building construction. 
Oyewobi et al., (2011) made a research work evaluated rework cost on elemental 
basis in some selected building projects in Niger State. Archival cost data were 
sourced using a structure research schedule which was self-administered on projects 
identified to have experienced rework amongst the selected projects and these were 
analyzed using simple percentile to show at a glance contribution of each of the 
building elements to rework. The study revealed Finishes 19.09%. have higher 
contribution to rework costs than any other elements of building for the projects 
considered and rework costs on average for the elements 4.49%. 
Meshksarr (2012) made a research intended to determine the cost of waste and time 
delay due to reworks in the construction of reinforced concrete structure in Shiraz, 
Iran, to investigate the factors affecting the rework such as contractors, owners, and 
consultants. Also in this research the rework items, their frequencies, their correlation, 
and their impact on cost of waste and time delay were investigated.  
A case study project consisted of three 8-storeys buildings was observed and studied, 
and a questionnaire survey was undertaken among 22 construction projects to collect 
data. The case study and questionnaire survey findings revealed that, the reworks 
influenced the cost by 1.85% and 2.1% of construction cost respectively.  
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Regardless of where above research done  whether the in developed  states as the 
United States, England or Australia and the developing countries as Indonesia and 
Nigeria. Everyone on the whole, the direct rework  cost ranges between (2.5%- 
26%).It  must be taken into account that as a result of differences in definitions, scope, 
data collection methods used, and whether rework is calculated as a proportion of 
project or contract value, these numbers are not fully comparable. They do give an 
idea of the scale of rework (Love and Sohal, 2003). Love (2002d) stressed that there 
is a lack of uniformity in the way in which rework cost data have been collected 
because of the various interpretations as to what constitutes rework.  
A summary of previous researches have done on the rework  costs is provided in the 
Table 2.9. 
Table 2.9: Summary of rework  costs in previous studies 
Reference Country Rework costs Notes 
BRE 
(1981 and 1982) 
UK 
15% of total 
project cost 
50% of the origins of errors in 
buildings are in the design stage and 
40% in the construction phase 




11% of total 
project cost 
79% of failure cost arose from 20% of 
quality failures 





4% of total 
project cost 
 
51% design related 
26% related to poor installation of 
materials 







46% created during design 
22% for construction deviations 
Burati et al., 
(1992) 
USA 
12.4% of total 
project cost 
79% created during design 





5% of tender 
value - 






Project A (residential apartment 
blocks) rework directly made the 
3.15% 
Project B (industrial warehouse) was 
2.40%. 
Alwi et al., 
(1999) 
Indonesia 
2.01% to 3.21 
% of the total 
project costs 
- 
Barber et al., 
(2000) 
UK 
16%- 26% % 
of the total 
project costs 
Two highway construction projects. 
If the costs of delay were excluded, 
the   relevant quality failure costs were 
3.6% and 6.6% 
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Table 2.9: (continued) 
Reference Country Rework costs Notes 





12.4 % of the 
contract value 
A residential project 
An industrial building project 










Josephson et al., 
(2002) 
Sweden 
2.3% to 9.3% 
of contract 
value 
26% created because of design error, 
25% production management,20% 












Love and Edwards 
(2004a) 









2.75% as direct costs, 1.75% indirect 
costs for main contractors and 1% 







3.5%  direct costs 





0.93%- 1.35%  
of the total 
project costs 
- 
Oyewobi et al., 
(2011) 
Nigeria 
4.49% of the 
total project 
costs 





1.85% - 2.1% 




2.13 Rework delay 
Aibinu and Jagboro (2002) defined delay as a situation where a contractor and the 
project owner jointly or severally contribute to the non-completion of the project 
within the original or the stipulated or agreed contract period. Besides that, Stumpf 
(2000) stated that delay is an act or event that extends the time required to perform the 
tasks under a contract. Delay is actually a postponement of time from the original 
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estimated completion time which might be caused by contractor, owner or  consultant 
as well as by external factors. Construction delay is one of the most common, costly, 
complex and risky problems encountered in construction projects (Ravisankar et al., 
2014). 
Based on a description of Kumaraswamy and Chan (1998) and CII (2001b), rework is 
a substantial contributor to time wastage and schedule overruns. It will ultimately 
impact on quality, costs (e.g. indirect costs such as overheads) and resources as well 
(Love and Edwards, 2004a). Said (2009) indicated that rework can have a significant 
impact on the project schedule in the form of stoppages and delays. Samson and Lema 
(2002) remarked that number of disputes and rework tasks through project affects the 
quality performance. 
Fayek et al., (2003) determined rework delay by tracking activities from the point 
where rework is identified to that time when rework is completed and the activity has 
returned to the condition or state it was in originally. The length of the standby or 
relocation time once rework is identified, the time required to carry out the rework, 
and the time required to gear up to carry on with the original scope of the activity. The 
sequences of events that constitute rework are shown in Figure 2.6. 
 
Figure 2.6: Components of Rework 
Source: Fayek et al., (2003) 
Meshksarr (2012) indicated that, the time delay of rework in case study and survey 
was 4.1% and 5.18% of construction duration respectively. Meshksarr (2012) found 
that the major rework items that affecting the delay were: 1- collapsing excavation 
walls, 2- over excavation, and 3- falling formwork materials from top storey that 
causes damage to them. 
Gündüz et al (2013) studied the effects on delay on Turkey construction project and 
concluded that planning and scheduling, Fluctuation of prices, Rework due to errors, 
Late delivery of material, Owners demand, Poor site management, Complexity of 
project are all the major causes of delay.  
Ravisankar et al., (2014) indicated that  the most important causes of delay in 
construction projects in India are: (1) Shortage of unskilled and skilled labor; (2) 
Design changes by owner or his agent during construction; (3) Fluctuation of prices; 
(4) High waiting time for availability of work teams; (5) Rework due to errors; these 
are all the top five delay factors which affect construction project. 
Chapter 2                                                                                           Literature review 
   48 
Alavifar and Motamedi (2014) indicated that the most severe causes of delay, 
indicated by all parties separately, will be highlighted. Owners point out most of the 
severe causes of delay to ―Insufficient data collection and survey before design‖. 
Contractors believe that the most severe delay factor is ―Rework due to errors during 
construction‖ and finally consultants respondent highlighted ―More than expected 
increase in inflammation rate‖ as most severe delay factor. 
2.14 The impact of rework on productivity 
Rework has a serious adversely affect  on productivity and productivity influences 
cost, time, and quality within the construction project (Love and Edward, 2004a). In a 
comparative study of construction productivity problems in selected countries as 
listed in Table 2.10, Kaming et al., (1997), identified that lack of material, lack of 
equipment, interference, absenteeism, supervision delays, and rework were the 
problems of construction productivity.  
Table 2.10: Factors negatively impacting construction productivity  
Productivity factors 
Indonesia Nigeria UK USA 
Rank Rank Rank Rank 
Lack of material 1 1 1 1 
Lack of equipment 5 3 5 2 
Interference 3 6 2 5 
Absenteeism 4 5 6 6 
Supervision delays 6 4 4 4 
Rework 2 2 3 3 
Source: (Kaming et al., 1997 sited in Meshksarr, 2012) 
Interestingly, in the previous table rework was ranked as the second problem in 
productivity in Indonesia and Nigeria, and the third problem in United Kingdom and 
United States of America. 
Enshassi et al. (2007) identified 45 factors that negatively affect construction labor 
productivity. The first three items were: material shortage, lack of labor experience, 
and lack of labor surveillance. Rework was ranked as 11th most effective factor that 
affects the productivity of construction labor, negatively. 
Durdyev et al., (2013) in their  study which was conducted  to identify the key factors 
constraining labor productivity of Turkish contractors in Turkmenistan based on the 
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views of project manager consultants, contractors and subcontractors.  Rework was 
ranked fifth among 23 factors constraining labor productivity.  
2.15 The impact of rework on contract parties satisfaction. 
Construction projects involve numerous stakeholders, and their satisfaction could 
directly influence the performance of subsequent projects (Leung et al., 2004). As 
result of rework arising in projects, conflict and disputes may occur, which can lead to 
the disruption of construction schedules, increased project costs, and even adversely 
influence relationships between project participants. If a dispute is not resolved 
promptly, then it may escalate, and ultimately require litigation proceedings, which 
can be extremely costly for the parties concerned (Sinha and Wayal, 2007). 
Alwi et al., (2001) affirmed that quality management principles and tools are not 
strongly embedded in conventional construction management practice. As a result, 
rework, on many cases, is accepted as an inevitable feature of the construction process 
increasing the likelihood of project time and cost overruns, and ultimately leading to 
client dissatisfaction. 
Abu Shaban (2008) in his research to determine factors affecting the performance of 
construction projects in the Gaza Strip, found that the number of rework has been 
ranked by the owners respondents in the fifth position with RII equal 0.635. This 
factor has an effect on client satisfaction and project performance. 
2.16 Reduction of rework  
Rework occurrences in construction projects are mostly avoidable as these are mainly 
unnecessary redoing/rectifying efforts of incorrectly implemented processes or 
activities (Love, 2002). Due to complexcharacteristic of construction, amendments 
may be deemed inevitable in some instances; however, uncontrolled occurrences of 
rework and wastages should actually be more effectively controlled (Simpeh, 2012).  
Better understanding causes of rework will assist project managers to identify the best 
methods to improve the performance of contractors to minimize or eliminate rework 
(Alawi, et al., 1999; Love et al., 2004; COAA, 2006; Zhang, 2009; Wasfy, 2010; 
Mastenbroek, 2010; Simpeh, 2012). Reducing field rework is widely regarded as an 
effective way of improving construction performance in terms of productivity, cost, 
schedule, quality, and safety (Zhang, 2009). Any intends to reduce rework will 
depend on analyzing causes of that rework (Simpeh, 2012). 
2.16.1 The field rework index (FRI)  
The Field Rework Index (FRI) is a tool developed by CII Research Team153 to 
provide an early warning for field rework and cost growth (CII, 2001). The FRI is 
intended for use before the start for construction. A list of 14 variables, proposed to 
represent the project characteristics, was developed and tested with the data taken 
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from completed construction projects.FRI variables in descending order of 
relationship with field rework rating are: 
1. Owner alignment 
2. Design Rework 
3. Constructability commitment 
4. Interdisciplinary design coordination 
5. Degree of project execution planning 
6. Design firm‘s qualifications 
7. Field verification 
8. Expected craft worker availability 
9. Expected construction overtime 
10. Engineering overtime 
11. Design leadership changes 
12. Design schedule compression 
13. Supplier prequalification 
14. Supplier information 
An analysis was carried out to determine how these variables related to field rework. 
The FRI resulted from statistical analysis of the data collected from a number of 
actual projects. RT-153 Objectives are: (1) Identify methods being used to track 
rework. (2) Identify the major causes of rework. (3) Identify practices that most 
effectively minimize field rework. (4) Develop a tool (Field Rework Index, FRI) that 
will foretell the degree of field rework. 
The Field Rework Index (FRI) not accurately predict field rework but it provide early 
warning bonus  early warning for cost growth. To apply this tool, the FRI user rates 
these 14 variables on a scale of 1-5 in Table 2.11, and totals the scores to get the FRI 
score for the current project. By comparing the FRI score to the warning levels 
resulting from the analysis of the complete projects, early warning for field rework 
and cost growth is given as Figure 2.7. 
Table 2.11: FRI score for the current project 
1 
Degree of alignment between  the 
various elements (departments, 




1 2 3 4 5 
Could not 
be worse  
2 
Degree to which project execution 
planning was utilized. 
Completely 1 2 3 4 5 Not at all 
 
3 
Design FIRM's qualifications for 
the specific project 
Could not 
be better 
1 2 3 4 5 
Could not  
be worse  
4 
Degree to which leaders of key 
design disciplines have changed 
No change 
at all 




Quality of field verification of 
existing conditions by engineering 
Could not  
be better 











1 2 3 4 5 
Could not  
be worse  
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Table 2.12: (continued) 
7 
Quality of prequalification of 
































Level of overtime worked by the 
engineering firm 








1 2 3 4 5 
Could not 
be higher  
12 
Commitment to constructability of 
the design and construction team 
Total      
Commitme
nt 







Expected availability of skilled 
craft workers to the project 
Readily 
available 
1 2 3 4 5 Very scarce 
 
14 
Expected level of construction 
contractor overtime 




        
Source: (CII, 2001) 
 
 
        Figure 2.7: FRI rework danger chart 
        Source: (CII 2001) 
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RT-153 to check the effectiveness of  FRI. 153 projects had been studied where, 144 
with subjective rework ratings, 137 with complete information for FRI, 109 with 
measured rework, and 107 with cost growth information. They conducted an industry 
survey, made focus group in addition to analyzed database of actual project data. 
Table 2.12 Summarize the results. 
Table 2.12: FRI Warns of Cost Growth 
FRI Score Cost Growth (%) Number of Projects 
>45 25.8% 15 





                     Source: (CII 2001) 
2.16.2 Zero field rework self-assessment opportunity checklist  
The Zero Field Rework Self-Assessment Opportunity Checklist is a tool developed by 
CII Research Team 203 to assist in identifying areas for improvement to further 
strengthen a site construction quality process on the journey to zero field rework (CII, 
2005). The authors claim that a multitude of previous quality checklists usually focus 
on manuals and procedures, document and data control, and material control. Being 
different from previous tools, the Zero Field Rework Self-Assessment Opportunity 
Checklist focuses primarily on the aspect of human performance and takes a behavior-
based approach to minimizing rework on a project (CII, 2005). Eight elements are 
included in the self-assessment: 
1. Leadership  
2. Sufficient and capable resources  
3. Employee involvement  
4. Communication  
5. Teamwork  
6. Documentation  
7. Absence of shortcuts  
8. Quality/rework auditing  
After completing the assessment, the project management may determine the best way 
to share the results with employees in the organization in order to communicate key 
learning, an implementation plan, and worker involvement (CII, 2005). 
2.16.3 COAA’s Project Rework Reduction Tool (PRRT)  
The  Project Rework Reduction Tool  "PRRT" is a commercial software developed by 
the COAA to facilitate project performance against known rework-causing issues. It is 
expected that the rework in project execution can more often be averted if there is 
early and honest recognition that deficiencies exist(COAA, 2006). The tool is 
designed to take the evaluation of field rework and rate it on key field rework causing 
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factors. The evaluation could be applied at any point in the project‘s timeline. The 
ratings are interpreted within the 5 principal rework cause sections of the COAA 
fishbone classification of field rework cause. Which are: 1) human resource 
capability, 2) leadership and communication, 3) engineering and reviews, 4) 
construction planning, and schedule and 5) material and equipment supply. The 
overall average rating may be used for trending and benchmarking against similar 
projects, while the suggestion for practical solutions is given to improve future works 
(COAA, 2006). Figure 2.8 clarify how the depend on the above classification in 
tracking rework in construction projects. 
 
Figure 2.8: PRRT program interface 
Source: (COAA, 2006) 
2.16.4 OPG Nuclear’s rework program 
Ontario Pickering Nuclear Power Station Groups rework program (OPG), Toronto 
Canada. Zhang (2009) developed a generalized conceptual model for a rework 
reduction program, which is intended to reduce rework by managing a continuous 
improvement loop with four functional processes: (1) rework tracking and cause 
classification, (2) evaluation of rework and its causes, (3) corrective action planning, 
and (4) integration of changes into the total management system.  
Zhang (2009) recommended that an appropriate classification of the causes of the 
rework is an essential link in the Reduce Rework Program (RRP): awareness of 
rework increases if the categories of causes are defined according to an intelligent 
structure with a guidable first-level leading group and practicable root causes and sub-
causes. Seven root causes sorted into two groups were defined in the developed 
generalized RRP model, which may not be suitable for all kinds of construction 
groups. The classification of the causes of the rework, which had been determined in 
Zhang research are listed in Table 2.13. 
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Table 2.13:  List of identified root causes of rework 
Description (or sub-causes) Rework Root Causes 
Process Group 
 Drawings and specification errors or omissions 
 Deficiencies in documentation control 
 Scopes and design changes 




 Ineffective communication 
 Poor decision making process 




 Deficiencies in forecasting field conditions 
 Poor scheduling of construction resources 
 Poor development and application of realistic work 
procedures 
Schedule 3 
 Untimely deliveries or misplacement 
 Defect of prefabrication 





Human Performance Group 
 Inadequate knowledge of action required to 
complete task successfully 
Knowledge 5 
 Lack of domain-specific skill 
 Deficiencies in personnel training 
Skill 6 
 Violation of rules or policy, or failure to adhere to 
work instructions or procedure 
 Lack of motivation 
Self-discipline 7 
Source: Adapted from(Zhang, 2009) 
OPG Nuclear‘s rework program is generally executed by four functional groups. First 
group: The Site Group (SG) is assigned to identify the rework events and initially 
classify the root causes for the rework. Meanwhile, all the pertinent information is 
field by this group in SCRs, including description of events, correlative persons, labor 
hours and dollar value, immediate action taken, etc.  
Second group: Management Review Meeting (MRM) the purpose of this group is to 
review the rework event report, verify the rework root causes classification, determine 
the need for corrective action, and review the corrective action plan. The MRM is the 
pivot of information fusion and delivery, and plays the important role of making 
decision.  
Third group: The Evaluation Organization (EO) is assigned to evaluate the impact of 
rework on the project performance by terms of cost, schedule, productivity, and 
quality. By reviewing the evaluation of rework for every considerable lapse of time, 
the effectiveness of the corrective action can be verified.  
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Fourth group: The Corrective Action Control Group (CACG) takes the tasks of 
developing the corrective action plan and monitoring the implementation. To do this, 
the CACG has to investigate the existing management system to determine which 
procedures or tools can be of help for corrective action, and then integrate the 
corrective action plan with the project management system. 
The OPG‘s rework program is a formal process that ensures that rework events are 
documented, categorized, and evaluated in a consistent manner in order to determine 
the causal factors. Understanding the problems that cause rework provides numerous 
benefits for the maintenance and modification department and for the entire 
organization and. The specific benefits this program has provided since its 
implementation as stated by OPG staff include the following:  
 The occurrence of rework has decreased due to the implementation of the 
corrective actions that resulted from the investigation of rework and the 
lessons learned.  
 The quality of work has improved because of the increased awareness of the 
issues that cause rework and because of the implementation of the resultant 
corrective actions.  
 Opportunity to share the lessons learned about rework with others through 
communications, monthly reports, quarterly reports, maintenance tailboards, 
plasma screens, and shared experience with other sites.  
 Formal analysis has identified trends in the causes of rework and has indicated 
which areas should be the focus of subsequent improvements.  
 Rework has been recorded at the individual crew level. Rework occurrence 
records has been used as metrics to evaluate the performance of the site 
manager, which has provided an opportunity to compare the performance of 
all the site managers.  
 Rework event review meetings have provided an opportunity for the site 
manager and related department managers to participate in face-to-face 
discussions about the lessons learned from the investigation of the rework and 
to implement immediate coaching or reinforcement where required.  
 Rework analysis has been a factor in stabilizing the work schedule. Work 
performed correctly the first time permits more accurate scheduling and 
maximizes the availability of resources.  
 Reducing rework has saved money because rework is expensive.  
 Reducing rework has improved unit rates of production because work is 
performed in as timely a manner as possible without the need for repeating 
work prior to closing the work order.  
 In a nuclear power plant, reducing rework has resulted in lower exposure to 
radiation.  
 Reducing rework has decreased the production pressure caused when critical 
path work must be repeated.  
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 Rework analysis has provided an opportunity for the company to compare 
performance in some areas against industry standards.  
 
According to the results of the evaluation of the rework in the Pickering Nuclear 
maintenance and modification project, the number of rework events declined from 
1590 in 2006 to 926 in 2008, the percentage of rework labor hours declined from 1.06 
% in 2006 to 0.80 % in 2008, and the percentage of the dollar value of the rework 
declined from 1.35 % in 2006 to 0.93 % in 2008. These data provide clear proof of the 
effectiveness of the RRP.  
For changes in the contribution of the individual root causes of the rework, the 
contribution of human performance factors declined from 43 % in 2006 to 36 % in 
2008, which reflects and demonstrates the effectiveness of that fact that OPG Nuclear 
places a great deal of emphasis on improving human performance. The tactic of 
human performance improvement is primarily used for improving safety performance, 
while this benefit also applies to the control of field rework in OPG Nuclear. 
2.16.5 Inter-project learning to avoiding rework  
Mastenbroek (2010) analyzed causes of rework in five finished projects to assess 
rework costs in construction projects of Grupo Williams (GW), which is a real-estate 
and construction company based in Honduras, and suggest improvements to reduce 
these rework costs. Knowing what causes the problems is already a major step to 
avoiding them in the future. The causes identified and summarized into six categories; 
change orders, coordination, material deliveries, construction methods, personnel and 
machinery. Some recommendations on how to avoid these problems are given.  
Because of many similarities between projects, GW can use the experiences of 
finished projects to improve future projects. In the process of monitoring and 
controlling a construction project or parts of a project such as an individual house, 
information is gathered and knowledge is created. This knowledge can be used to 
improve control in the later stages of the specific project, but it can also be used in 
future projects that suffer from similar issues. Corrective actions in one project 
provide information on effectiveness that can be used to assess possible actions when 
a similar issue arises in a future project (Mastenbroek, 2010). 
Adopting inter-project learning enables an organization to identify ways to 
progressively generate, share and imbed new knowledge, for the benefit of both the 
projects and the permanent organization (Mastenbroek, 2010). 
Mastenbroek (2010) suggested actions should be taken to avoid or at least mitigate 
rework events; reporting rework and database , rework monitoring checklist, financial 
evaluation and accountancy and work preparation.  
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2.16.6 The role of the supply chain in reduction of construction rework  
Taggar et al., (2013) conducted an action research (AR) to focus on improving the 
strategies adopted by a SME building contractor for the control of defects in its supply 
chain. It was conservatively estimated in the literature that rework typically accounts 
for circa 5% of total project costs. The project involved construction of a health 
department project in Ireland, valued at circa €1.5 million. The project was let by two-
stage tender to a local SME contractor, appointed using a ‗traditional‘ version of the 
Irish public works contract with separated design and construction elements. 
Interviews with participants found consensus that they felt the project was generally 
successful and completed in a cooperative manner. The action research involved 
examination of work on a pilot site, analysis of contract documents, including 
drawings, snag lists and specifications and semi-structured interviews with supply 
chain members . 
The sub-contractors did not formally check their own work. The design team and site 
manager held periodic site walks and detected some issues. When interviewed all of 
the participants strongly supported the notion of collaboration, but agreed they had no 
formal forum or mechanisms to do so (on this project or elsewhere). Their efforts to 
avoid defects were thus informal and unstructured. Towards the end of the project the 
site manager, architect, electrical and mechanical engineers produced snag lists that 
were examined for Taggar et al., (2013) study. All were provided electronically either 
in Microsoft Word or in PDF format. The lists had idiosyncratic layouts. The two 
engineers worked for the same company but their lists had different layout. Interview 
data confirmed that participants generally worked separately on this task with no 
interdisciplinary or cross-organizational collaboration. No IT based information 
sharing systems was evident and only the Architect had any previous experience of 
working with collaborative IT systems. 
The results strongly suggests that one reason that contractors have not historically 
addressed the defects issue is because they do not fully comprehend how much it truly 
costs them. The costs associated with the site managers' list corresponded to 5% of the 
construction cost of the project. The results indicated  the potential for the supply 
chain participants to both identify the root cause of defects and propose solutions, in 
terms of best practice  to avoid future reoccurrence. 
2.16.7 Rework reduction through the use of construction lean improvement 
program (CLIP) 
Basbeth (2014) conducted a study concentrated on  construction lean Improvement 
Program including : (1) Lean Thinking, (2) Seven Waste, (3) 5S, (4) Labor 
Competency Issue, and (5) First Inspection Method. Table 2.14 summarize the 
benefits of lean thinking which researcher  depend on to use it to reduce rework. 
 
Chapter 2                                                                                           Literature review 
   58 






Lean thinking is a philosophy based 
on the concepts of lean production.  
Lean is focused on the achievement 
of three key outcomes: 
1. Maximizing value from the 
view of the customer, 
2. Eliminating waste (non-value 
adding processes), 
3. Creating smooth and reliable 
flow of activity. 
Tangible benefits 
 Productivity ↑ 16 – 40 % 
 lead time ↓ 25%-48% 
Intangible benefits 
 Best practice set-up, 
methods introduced, 
operation & organization 
improvements. 
 Waste reduction, delays 
& disruptions reduced, 
snags reduced, 
communications 
 Improved, team 
dynamics improved, 
partnering benefits, skills 
transfer in the industry 
 
 Source: adapted from (Basbeth, 2014). 
The research was a case study in Leighton contractors Indonesia in new Australian 
embassy project (2013 – 2016). Primary and secondary data are gathered using both 
qualitative and quantitative approaches, and interview. The new Australian embassy 
project has in place and continually updates their quality plan. Improvement activities 
can be seen from the frequency of non conformance report (rework required) . 
Training to up skill labour to LCI standards, internal quality audits, and increased 
management attention has been a focus for 6 months. 
Basbeth (2014) indicated that the new  Australian embassy in Jakarta (AEJ) 
implemented the construction  lean improvement program in the project: 5s, first 
inspector system, performance monitoring , and continual training on the labor to 
maintaining quality of the product.  For example they implemented the first inspector 
system (FIS), by putting full responsibility of the quality of product delivered to the 
supervisor and foreman, so by the time the quality inspector come to check the work, 
the variation from specification will be the minimum.  After implementing CLIP for 
six months the results have seen the non-conformance reports reduce by 57%. The 
saving for the project is 20,000 US$. 
By reviewing tools and measures from previous studies to reduce rework, main 
measures to reduce rework can be summarized  as Table 2.15. 
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Table 2.15: Measure to reduce rework in previous studies 
# Measure to reduce rework References 
1.  Effective Leadership (CII, 2005), (COAA, 2006)  
2.  Sufficient and capable human resources  (CII, 2005), (COAA, 2006) 
3.  Employee involvement  (CII, 2005) 
4.  Effective Communication   (CII, 2005), (COAA, 2006) 
5.  Teamwork  effectiveness (CII, 2005) 
6.  Project documentation  (CII, 2005) 
7.  Quality/rework auditing  (CII, 2005), (COAA, 2006) 
8.  Strong qualified supervision (COAA, 2006), (Zhang, 2009) 
9.  
Continuous evaluation before and during 
the implementation of work 
(COAA, 2006), (Zhang, 2009) 
10.  Commitment to safety (Strict laws) 
(COAA, 2006), (Zhang, 2009), 
(Mastenbroek, 2010) 
11.  Qualified Consultant 
(COAA, 2006), (Zhang, 2009), 
(Mastenbroek, 2010) 
12.  Qualified Contractor 
(COAA, 2006), (Zhang, 2009), 
(Mastenbroek, 2010) 
13.  Owner evolvement 
COAA, 2006), (Zhang, 2009), 
(Mastenbroek, 2010) 
14.  Supplier prequalification (Taggar et al., 2013) 
15.  Effective planning and scheduling 
(COAA, 2006), (Zhang, 2009), 
(Mastenbroek, 2010) 
16.  Using lean construction improvement (Basbeth, 2014) 
 
2.17 Concluding remarks 
This study aims to determine the causes of rework in construction projects, as well as 
the impact of rework on project performance, specifically on project cost and time. In 
addition to that it aims to determine the measures how to reduce the occurrence of 
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First objective: To investigate contracting parties awareness regarding rework in 
construction projects: 
Researcher depended on the literature review to identify the rework problem in 
construction industry. A deep look on previous studies paved the way for researcher 
to infer a clear definition of rework and defined what the rework problems are.  
Second objective: To identify causes of rework and determine their degree of 
occurrence and their severity on the performance (time and cost) of construction 
projects: 
By deep analysis of previous studies the researcher summarized 72 rework causes in 
construction projects which was categorized into 10 main groups. This causes will be 
modified  by pilot study and tested by questionnaire.  
Third objective: To determine the impact of rework on project performance ( cost 
and time), through four case studies: 
Previous studies indicated the impact of rework on project performance, productivity 
and parties satisfaction. Methodologies and formulas which were used in previous 
studies highlighted methodologies to calculate rework cost and time. Researcher will 
depend on it to analyze the four proposed case studies.    
Fourth objective: To determine the measures for reducing the occurrence of rework 
in construction projects: 
Literature review presented number of rework reduction techniques and tools. Seven 
previous studies aimed to reduce rework were displayed. Researcher summarized 16 
measures for reducing the occurrence of rework in construction projects. These causes 
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Chapter 3 : Methodology 
3.1 Introduction 
This chapter describes the methodology that have been adapted in previous studies 
and the methodology for the present thesis. The main topics included in this chapter 
are the framework of the research methodology, research strategy, research design, 
population, sample size determination, research location, case studies methodology, 
questionnaire design, questionnaire content, pilot study and tests of reliability and 
validity of the questionnaire, and the last thing is the process of data analysis. 
3.2 Methodology in previous related studies  
The Construction Owners Association of Alberta (COAA) Field Rework Committee 
conducted a pilot study to help develop and refine the research methodology for collecting 
and quantifying field rework data. 
Fayek et al. (2003) used the following index in the pilot study to measure rework:  
Construction Field Rework Index (CFRI) = 
                                                           
                                   
 
     
      
             
                                
Where:  
  : Total direct field cost of rework 
   ∑                    
 
 
                          
   : Direct field labor and supervision cost of rework 
   : Direct equipment cost of rework  
   : Material cost of rework  
   : Subcontract cost of rework  
   : Vendor's and supplier's cost of rework 
    : Rework event 
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    :  Number of rework event 
   
    
   
                                                 
   : Direct field construction phase cost  
  : Indirect field construction phase cost  
  : Profit fees $  
  : Overhead fees $  
A case study of an actual project was used by Fayek et al. (2003) to verify the 
methodology and to collect a sample data set with which to illustrate its application. 
The Syncrude Aurora 2 projects in Fort McMurray, Alberta was selected as a case 
study. Aurora 2 is a mega-project, performed under an engineering, procurement, and 
construction (EPC) arrangement, with an estimated cost of $599.6 million Canadian 
dollars.  
The data collection period for the pilot study was from April 29th, 2002 to December 
19th, 2002. During this period, 125 field construction rework incidences (CRW‘s) 
were collected for the analysis. The pilot study analysis consisted of: (1) calculating a 
field rework index for the rework incidences collected during the study period; (2) 
classifying each of the 125 CRW‘s accordingly using the fishbone classification 
system provided by the COAA (Figure 2.4, page 28); and (3) evaluating various 
information obtained from the ―Field Data Collection Form‖.  
Hwang et al. (2009) adopted the Construction Industry Institute (CII) Benchmarking 
and Metrics  (BM&M)  program collects capital project data by an online 
questionnaire.  
Construction Industry Institute (CII) developed a metric for quantifying the impact of 
rework on construction cost performance. The metric is defined as the total field 
rework factor  (TFRF)  and its formula is as follows: 
      
                                 
                             
                         
In the formula, the TFRF is expressed as a ratio of the total direct cost of rework to 
the total construction phase cost. The construction phase cost includes all costs 
associated with the construction phase. Figure 3.1 provides an example interpretation 
of the TFRF. The costs used for the example are not derived from real data, but are 
for illustrative purposes only.  
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Figure 3.1: Examples for total field rework factor   
Source: (Hwang et al., 2009)  
Enshassi et al. (2009) conducted a questionnaire survey to elicit the attitude of 
owners, consultants, and contractors towards the factors affecting the performance of 
construction projects in the Gaza Strip.  
Randomly 120 questionnaires were distributed. The respondents were asked to 
indicate, based on their local experience the level of importance of each one of the 
identified 63 factors of performance on a five-point Likert scale as: not important, 
slightly, moderately, very, and extremely important. 
The relative importance index method (RII) was used by Enshassi et al. (2009)  to 
determine owners, consultants, and contractors perceptions of the relative importance 
of the  identified performance factors. The RII was computed as: 
      
∑ 
   
                                   
Where 
W is the weight given to each factor by the respondents  and ranges from 1 to 5; 
 A : the highest weight = 5; 
 N :  the total number of respondents. 
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Enshassi et al. (2009) determined  the degree of agreement among the 3 groups of 
respondents (owners, contractors and consultants), by Kendall's coefficient of 
concordance which indicates the degree of agreement on a zero to one scale, and is 
computed by  the following equation : 
    
               
         
                             
Where: 
    ∑ ∑    
 
   
                                 
n : number of factors; 
m : number of groups; 
j : the factors  1, 2,…, N. 
Enshassi et al. (2009)  hypothesized null hypothesis: H0: There is insignificant degree 
of agreement among owners, contractors and consultants. Alternative hypothesis: H1: 
There is a statistically significant degree of agreement among owners, contractors and 
consultants. 
Oyewobi and Ogunsemi (2010) in their research intended to determine  factors 
influencing reworks occurrence in construction by doing a study of selected building 
projects in Nigeria. The work identified some factors contributing to rework which 
was categorized under three main headings; technical, quality and human resources 
factors to actually dig down into the casual of rework. 
A structure questionnaire was self-administered on projects identified to have 
experienced rework amongst the selected projects and these were ranked according to 
their perceived degree of severity. Response was further condensed using factor 
analysis to group the variables into identifiable factors and thus analyzed. 
Oyewobi and Ogunsemi (2010) calculated the Severity Index (S.I) as: considering 
each of the factors, relative importance index was determined which was then used to 
rank the variables according to their degree of importance. Having observed the most 
likely important rework causes based on frequencies, a test of severity was carried out 
to establish this observation. The severity indices was measured using the formula 
referenced by (Idrus and Newman, 2002). 
     ∑
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Where: 
S.I : the severity index, 
f i  : the frequency of response 
wi : is the weight for each rating (= rating in scale/number of points in a scale),  
n   : the total number of responses. n is the valid number of respondents 
Oyewobi and Ogunsemi (2010) calculated the  Factor Analysis as: Factor analysis is 
employed to condense a large number of variables with a view to identifying the 
underlying variables that really explained the pattern of correlation with a set of 
observed variables. The main essence of factor analysis is to describe the covariance 
relationship between a large number of variables in terms of a few groups. Factor 
analysis model specifies that  variables are determined by common factors (the factors 
estimated by the model) and unique factor which (do not overlap between observed 
variables); with the assumption that all the unique factors calculated correlate with 
each other and with the common factor. 
Wasfy, (2010) conducted a study to investigate rework severity and its impact on a 
case study project of a residential commercial tower in the Eastern Province – Saudi 
Arabia. Interviews were held with ten main participants of the project to investigate 
the frequency of rework on different work categories, and to disclose the main causes 
that contributed to rework. The frequency of each rework cause, the impact of rework 
on project‘s cost and time as well as the impact of rework on client and contractor 
satisfaction. 
The interview schedule lists choices of rework causes, based on the proposed rework 
model, to help the interviewees to respond to the possible causes of rework. The 
respondents were asked to indicate the frequency of rework and the frequency of 
possible causes using a frequency scale of 0,1,2,3,4 representing never, rarely, 
sometime, often, and always respectively. The degree of frequency depends on the 
number of repetitions of rework cause or of rework in general, if rework cause or 
rework is repeated many times, then its frequency will get much higher and vice 
versa. The degree of severity of rework cause or of rework may depend on the degree 
of their frequencies or may be judged from the amount of cost, and time caused due to 
such rework cause or due to rework. 
Meshksarr, (2012) in his research intended to determine the cost of waste and time 
delay due to reworks in the construction of reinforced concrete structure, to 
investigate the factors affecting the rework such as contractors, owners, and 
consultants. Also in this research the rework items, their frequencies, their correlation, 
and their impact on cost of waste and time delay were investigated.  
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A case study project consisted of three 8-storeys buildings was observed and studied, 
and a questionnaire survey was undertaken between 22 construction projects to collect 
data. Data collection was done by observing the construction for duration of three 
months, which was the quarter of construction period and also through a personal 
interview. Most of the interviews were taken from the supervisor of civil engineering 
organization as their data were most reliable. In addition to the case study, a 
questionnaire survey was undertaken between 22 construction projects.   
Meshksarr, (2012) to  determine the impact of rework items on the cost he asked the 
respondents to answer the severity on rework cost. A five-point scale of 0 to 4 was 
adopted for evaluating the effect of each factor. These numerical values were assigned 
to the respondent‗s rating: 0= no severe, 1= low severe, 2= moderate, 3= very severe, 
and 4= extremely severe. Severity index is calculated then by using this formula:  
    




                                   
Where: 
a : constant expressing the weight assigned to each responses (ranges from 0 for no 
severe to 4 for extremely),  
n  : frequency of each response,  
N : total number of responses 
Meshksarr, (2012) calculated the importance index of item in rework cost  (IMP.I.) 
according to this equation: 
                                                
   : Frequency Index was figured out from determining each of rework items 
happened during the construction. For this purpose, factors analysis was used by 
utilizing the statistical package for the social sciences (SPSS) software version 20.  
Simpeh, (2012) in his study investigated the underlying causes of rework in 
construction projects and the impact on overall project performance so that effective 
containment and reduction strategies can be developed. The objectives of the study 
were as follows: (i) to determine the influence different project types have on the 
causes of rework in construction projects; (ii) to determine the impact of rework on 
organizational and project performance; (iii) to determine the influence various 
project types have on rework costs (direct and indirect) in construction projects; (iv) 
to determine the influence various procurement methods have on total rework costs in 
construction projects; (v) to design and develop rework reduction and containment 
strategies.  
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The research approach adopted included an exploratory and main study targeting 
purposively selected construction professionals and stakeholders in the Cape 
Peninsula metropolitan area of the Western Cape Province. The exploratory case 
study was carried out at the initial stage of the study to gain more insight into the 
causes and impact of rework on overall project performance. Specifically, data was 
collected by means of observation of physical works, semi-structured interviews with 
relevant parties directly involved in site operation and the analysis of site instruction 
record documents. 
The main study obtained data from 78 construction professionals and stakeholders via 
questionnaire survey, a survey conducted among design consultants and contractors in 
the general building category ranging from grade 3 to 9 who are registered with 
Construction Industry Development Board (CIDB). Descriptive, inferential statistics 
and probability distribution functions were used to analyze the data. The analysis was 
done using the Statistical Package for the Social Sciences (SPSS) program and data 
were interpreted by means of frequencies and descriptive statistics.  
Sunday and Afolarin, (2013) made a study to determine the causes, effects and 
remedies of errors in Nigerian construction documents. A structured close ended 
questionnaire was designed to capture data on the types, causes, effects and remedies 
to the occurrence of errors in Nigerian construction documents. Ninety copies of a 
questionnaire were administered on consultants (architects, engineers, quantity 
surveyors and builders) in the Nigerian construction industry. Forty-four responses 
were obtained to give a return rate of 49%. The questionnaire was divided into 
general information of respondents, causes of errors according to construction 
documents, stakeholders‘ influence on generation of errors, common types of errors 
according to construction documents, effects of errors and remedies to the occurrence 
of errors in construction documents. The data for the study was basically collected 
from consultants that were based in Lagos state, Nigeria. 
The questions were based on a 4 point Likert scale ranging from 1, lowest to 
4,highest. The results of the study was computed through the use of Statistical 
Package for Social Sciences (SPSS 17) using frequencies, percentages and mean 
scores. 
A summary of methodologies in previous related studies is provided in the Table 3.1. 
Table 3.1: A summary of methodologies in previous related studies 
Reference Method adoption Data analysis adoption 
Fayek et al. 
(2003) 
- Case study 
- Structured 
interviews 
- Construction Field Rework Index 
(CFRI). 
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Table 3.1: (continued) 
Reference Method adoption Data analysis adoption 
Hwang et al. 
(2009) 
- Case study 
- The one-way analysis of 
variance ANOVA 
- T-test 
- The Spearman rank-order 
correlation 
Enshassi et al. 
(2009) 
- Questionnaire  
- The relative importance index 
method (RII) 





- Questionnaire - Severity Index (S.I) 
Wasfy, (2010) 
- Case study 
- Structured 
interviews 
- Frequency Index (F.I) 
Meshksarr, 
(2012) 
- Case study 
- Structured 
interviews 
- Severity index 
- Frequency Index (F.I) 
- importance index (IMP.I) 
Simpeh, (2012) 
- Case study 
- Semi structured 
interviews 
- Descriptive 
- Inferential statistics  





- Percentages  
- Mean scores 
This thesis will adopt case study and questionnaire as main methodologies, and will 
adopt the relative importance index method (RII) to analyze collected data. 
3.3 Framework of the research methodology 
The present study was designed to determine the causes of rework in construction 
projects, as well as the impact of rework on project performance, specifically on 
project cost and time. In addition to that this research intended to determine the 
measures for reducing the occurrence of rework. 
The research design was descriptive in nature, comprised of an initial exploratory 
study, four case studies and questionnaire survey. The study population and the 
sample size were confined within Gaza Strip. The data was obtained from consulting 
agencies, construction contractor companies and public owners (ministries, 
municipalities, INGOs). The respondents were experienced construction project 
managers, site engineers and office engineers, where all respondents were 
professionals in the construction industry. The exploratory study was done using case 
studies, and the data collection method included interviews with relevant parties, 
including the site management team, consultants and contractors. Additionally, 
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observations of physical projects and site documentary sources such as site 
instructions, revised working drawings and progress reports were considered. A 
questionnaire survey and four case studies were used to gather information for the 
main study. The data analysis technique was included descriptive, inferential statistics 
and probability distribution functions. 
A comprehensive methodology can be broadly broken down into seven major stages, 
as described below. The detailed methodology of this study was illustrated in Figure 
3.2. 
Stage one –development of theme: 
The first stage included definition of the problem, objectives development, and 
framework development.  
Stage two –literature review: 
Selected literature on rework in construction projects in terms of the nature of rework, 
its causes, its impact on project performance, parties satisfaction, productivity, and 
measures to reduce the occurrence of rework provided the theoretical basis to develop 
the research framework for this study. A set of causes and measures were extracted 
from the literature review to be modified by a pilot study.  
Stage three –pilot study: 
The researcher investigated rework events, their frequencies and main causes in the 
construction projects in Gaza Strip, by conducting field visits for running construction 
projects specially projects, which suffered from delay and dissatisfaction between 
parties. In addition to that the pilot study was undertaken by participating 10 expert 
construction professionals to pre-test the survey and subsequently modified before a 
final version was produced. Clarity of questionnaire questions and their contribution 
to achieve the objectives were checked before using them in the survey. The 
questionnaire was modified based on the results of the pilot study, and the final list of 
variables was adopted to be used for the study. 
Stage four –questioner: 
In this stage of the survey, a quantitative approach was utilized as the main statistical 
component in the study, to obtain qualitative data through a self-administered 
questionnaire by Gaza Strip construction professionals. An extensive sampling 
strategy was used to secure the requisite number of respondents for meaningful 
statistical analysis, which included distributing the questionnaire to the target groups.  
Stage five –case studies: 
This stage was implemented in line with stage four (questionnaire). Four case studies 
were selected and investigated. These cases discussed in depth information regarding 
the impact of rework on time and cost at construction projects in Gaza Strip, also to 
discuss the main causes of that rework. Each case was analyzed separate of others. 
Recommendations will be documented for each case. 
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Stage six –statistical analysis and results: 
Data collected was analyzed using both descriptive and inferential tools of statistical 
software Statistical Package for Social Science (SPSS 17). The descriptive tools used 
were percentages, tables, mean and standard deviations. In this study The relative 
importance index method (RII) was used herein to determine owners‘, consultants‘, 
and contractors‘ perceptions of the relative importance of the identified rework 
causes, impact and reductions. Kruskal-Wallis test was  used to determine whether 
there was a significant degree of agreement among the 3 groups of respondents. 
Spearman correlation coefficient was used for validity, cronbach's alpha for reliability 
statistics, nonparametric tests (Sign test)... etc. 
Stage seven –conclusion and recommendations: 
The final phase of the research included the conclusions and recommendations. 
Figure 3.2: Methodology flow chart 
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3.4 Methodology strategy 
The research methodology aims to achieve the study objectives as: 
First objective: To investigate contracting parties awareness regard rework in 
construction projects: This objective was achieved through analyzing data, which 
were collected from questionnaire section B, (Appendix II and III). The relationship 
between type of the organization of each contracting parties, its size, its experience,  
it's interesting in learning, development, minimizing waste, and awareness regard 
reworks in construction projects were tested.  
Second objective: To identify causes of rework and determine their degree of 
occurrence and their severity on the performance (time and cost) of construction 
projects: By the questionnaire section C, (Appendix II and III). All rework causes 
were displayed to the respondents to determine the degree of occurrence and severity 
of each causes. Researcher used relative importance index (RII) to analyze collected 
data, where all rework causes were ranked according to their degree of occurrence and 
their impact.  
Third objective: To determine the impact of rework on project performance ( cost 
and time), through four case studies: Through  four case studies researcher 
highlighted on the impact of rework on project performance by calculating rework 
cost and delay. the calculation process depended on formulas which were applied and 
proven in previous studies.  
Fourth objective: To determine the measures for reducing the occurrence of rework 
in construction projects: By the questionnaire section D, (Appendix II and III). All 
measures to reduce rework were displayed to the respondents to determine their 
relative importance index (RII).  
3.5 Research period 
The study started on August 2013 after the proposal was approved. The literature 
review was completed at the end of February 2014. The validity testing, piloting and 
questionnaire distribution and collection completed on the beginning of June 2014. 
The analysis, discussion, conclusion and recommendation were completed at the end 
of September 2014. 
3.6 Research location 
The research was carried out in Gaza Strip in Palestine, which consists of five 
governorates: The northern governorate, Gaza governorate, the middle governorate, 
Khan Younis governorate, and Rafah governorate. 
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3.7 Research Population 
The population of this research included contracting companies, consultants and 
public owner's sectors.  
The population investigated the contracting companies which are registered in the 
Palestinian Contractors Union (PCU) in Gaza Strip and classified by the national 
classification committee to have valid registration in the PCU up to the year 2014. 
According to the PCU in Gaza Strip the number of construction companies registered 
and graded according to the field of work up to the May 2014 was 310 companies. 
The classification of the companies which was done by the National Classification 
Committee consisted of five grades based on the company's capital, and the number 
of projects performed by it. Each company had many classifications with different 
disciplines (i.e buildings, roads, maintenance… etc.) ( PCU, 2014).  
In this research, the target group to be investigated was the contracting companies 
classified under the first, second and third grades in any field. The total contracting 
companies that were under the grades first, second and third are 172 companies, 
which were the population target group of this research. The fourth and fifth grades 
were neglected due to the low practical and administration experience ( PCU, 2014). 
The owner agencies consist of government agencies, ministries, municipalities, 
international agencies, non-governmental organizations NGOs and public project 
owners. According to the PCU in Gaza Strip (2014) the number of activated owner's 
agencies which work in construction industry in the last five years about 50 agencies.  
According to Consulting engineering companies and Office's agency in Engineers 
Syndicate - Gaza Strip (2014), The number of the consultant agencies is 61 consulting 
offices that have a valid membership of consulting offices in Gaza Strip up to the end 
of 2014. 
3.8 Sample size  
Naoum (2007) defined the sampling as the process of selecting representative units of 
a population for the study in research investigation. A sample is a small proportion of 
a population selected for observation and analysis. The samples were selected 
randomly from professional's engineers  of contracting companies, consultant offices 
& public owner's sectors. These samples were the respondents of the questionnaire 
survey.  Statistical equations were used in order to calculate the sample size for the 
study population.  The following statistical equation was used to determine the sample 
size (Creative Research System, 2014). 
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Where: 
SS : The sample size 
Z : Z value ( e.g. 1.96 for 95% confidence interval ) 
P : Percentage picking a choice, expressed as decimal, (0.50 used for sample size 
needed) 
C : Maximum error of estimation (0.08) 
    
                     
       
     
Correction for finite population 
       
  
   
    
   
                               
Where: pop is the population; 
o For contracting companies (First, Second and third class): 172 companies. 
            So that:   
       
   
   
     
   
           
 The total number distributed was 100 questionnaires. 
 The total number returned was 89 questionnaires. 
o For consulting offices: 61 offices. 
            So that:   
       
   
   
     
  
           
 The total number distributed was 50 questionnaires. 
 The total number returned was 46 questionnaires. 
o For owner agencies: 50 agencies. 
            So that:   
       
   
   
     
  
           
 The total number distributed was 50 questionnaires. 
 The total number returned was 40 questionnaires. 
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Figure 3.3 illustrate the response rate according each party  
 
Figure 3.3: Response rates among the three types of population 
3.9 Case Studies methodology 
Four case studies were selected and investigated. Where the researcher can  look on 
project information and reports, in addition to  respectful cooperation researcher and 
project parties representatives. These cases studied  the  occurrence of rework events 
and highlighting on its main causes then calculating its impact on project performance 
in terms of cost and time, also determined who was responsible on rework in each 
rework events. 
The researcher looked on project documents and reports, made visits to  the project 
site and made number of interviews with the project parties; owner, beneficiaries 
representatives, contractors and the consultants. All rework events, its main causes 
and its cost and time were recorded. 
Methodology which was undertaken in case studies in this research depended on 
aspects and formulas of rework delay and rework cost, which were mentioned in 
previous studies in addition to formulas, which were derived or modified to suit 
objectives of this study by the researcher. 
3.9.1 Calculating rework duration and delay 
3.9.1.1 Rework duration 
Rework duration are tracked from the point where rework is identified since that time 
when rework is completed and the activity has returned to the condition or stated it 
originally (Fayek  et al., 2003). The duration of  rework includes the length of the 
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standby/relocation time once rework is identified, the time required to carry out the 
rework, and the time required to gear up to carry on with the original scope of the 
activity. The sequences of events that constitute rework are shown in Figure 3.4. 
 
 
Figure 3.4: Components of Rework  
Source: (Fayek  et al., 2003) 
3.9.1.2 Case involving rework for a non-critical activity  
In the case of a rework event occurring for a non-critical activity, which is the 
simplest case, the activity float can be used to absorb the delay caused by rework. 
This method will be only if the time required for rework is shorter than the total 
activity float. Said, (2009) shown this case in Figure 3.4 which shows a rework event 
during the execution of activity B, which is a non-critical activity.  
In Figure 3.5 the rework event is shown on day 4 as C-25, indicating a rework amount 
of 25 % is needed for the activity. Based on this rework amount, the duration of 
activity B is extended to 5 days. Since the activity is non-critical and has a total float 
of 3 days, the project duration will not be extended.  
Figure 3.5: Effect of Rework on a Non-Critical Activity  
Source: Modified from (Said, 2009) 
3.9.1.3 Case Involving rework for a critical activity 
Undesired effects may occur when a critical activity requires rework. This situation 
can be shown in Figure 3.6, with rework occurring for activity C, which is a critical 
activity. If the amount of rework is 50 %, the activity is extended by one day. A 
Rework Duration 
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general expression of the extension of the total project can thus be calculated 
according to Said (2009) as follows: 
Project Extension (>0, or 0 if negative) = 
(New Activity Duration– Original Activity Duration) – Activity Total Float   [3.13] 
Figure 3.6: Effect of Rework on the critical activity  
Source: Modified from (Said, 2009) 
As shown in Figure 3.6, rework events that affect the project schedule as a whole can 
lead to undesired results, including project delay and cost overruns. It should be noted 
that the new rework representation and related calculations can show clearly the 
impact of rework on the overall project duration, From Said, (2009) rework delay 
equation can be derived as: 
 
                                                                
 
Where: 
   : Rework delay = Project Extension because of rework (>0, or 0 if negative)  
      : New activity duration after rework 
    : Original activity duration  
    : Activity total float 
For example if Activity A duration was 5 days with total float 2 days, rework duration 
3 days. The delay of project because of rework (Rework delay) can be calculated 
according to equation 3.14 as: 
                   
                                          
Rework Delay 
Rework Duration 
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3.9.2 Calculating rework cost 
From COAA (2001) 
               
                                
                               
                
From Fayek et al., (2003)  
                                                            
  : Total direct field cost of rework 
   ∑                    
 
 
                         
   : Direct field labor and supervision cost of rework 
   : Direct equipment cost of rework  
   : Material cost of rework  
   : Subcontract cost of rework  
   : Vendor's and supplier's cost of rework 
    : Rework event 
    = Number of rework event 
   : Direct field construction phase cost  
  : Indirect field construction phase cost  
   : Total Indirect field cost of rework 
         
 
   
⁄                                  
Fayek et al., (2003) ignored delay cost of rework, where when the project has been 
delayed, this delay  has financial consequences such as extending insurance and 
guarantees, delay penalties, supervision fees and head office cost. As it mentioned by 
Said, (2009) when rework effect critical path of project, it will be responsible on 
project extension or delay which is produced because of that effect. So rework delay 
cost can be concluded as in equation 3.18.   
       
     
             
                                     
Where 
    : Rework delay cost 
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       :Rework delay  can be calculated from equation 3.14  
By adding equation 3.19 to equation 3.16 ,  
                                 
                                                                                     
3.9.3 Structure of case studies 
The structure of case studies can be summarized in the following four parts: 
Part one: This part included: brief  project description, brief description of project  
manpower which included types of workers (skilled, semi-skilled or non-skilled), 
number of workers, engineers and supervision, project tools and equipment, project 
main characteristics and data collecting method in this case study. 
Part two: This part included seven components which were summarized in table with 
seven columns where: 
 First column: Rework description, a brief description of rework event. 
 Second column: Main causes of rework event. 
 Third column: Direct rework cost, this cost was calculated according to 
equation 3.17. 
 Fourth column: Indirect rework cost, this cost was calculated according to 
equation 3.18. 
 Fifth column: Rework duration. 
 Sixth column: Rework delay, this time was calculated according to equation 
3.14. 
 Seventh column: Who took the responsibility of rework, this column described 
how rework consequences were distributes on each project parties (contractor, 
owner, consultant) in term of cost and time. 
Part three: In this part the researcher calculated total rework cost according to 
equation 3.20. for each rework event, then he calculated total rework cost , duration 
and delay in all of the project. This part was summarized in table. Then the percentage 
of rework cost and rework delay were calculated according to COAA (2001) 
equations as: 
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Part four: The researcher recorded  parties comments and his own comment on each 
case as findings and results which will be as reference in conclusion and 
recommendation chapter from this thesis. 
3.10 Questionnaire methodology 
The questionnaire was chosen to be the main method of collecting data in this 
research, beside case studies, since the questionnaire is probably the most widely used 
data collection technique for conducting surveys. Questionnaires have been widely 
used for descriptive and analytical surveys in order to find out the facts, opinions and 
views (Naoum, 2007). It enhances confidentiality, supports internal and external 
validity, facilitates analysis, and saves resources. Data are collected in a standardized 
form from samples of population. The standardized form allows the researcher to 
carry out statistical inferences on the data, often with the help of computers. 
The used questionnaire has some limitations such as: it must contain simple questions. 
No control over respondents and respondents may answer generally (Naoum 2007). In 
addition to that it is difficult to determine the amount of rework cost and time by 
questionnaire. So this objective will be covered by the case studies. The questionnaire 
was developed to assess the awareness of owners, consultants, and contractors due to 
the rework concept, causes and effects in Gaza Strip construction industry. In addition 
to determine the degree of occurrence of each rework causes and its degree of severity 
on project performance in terms of project cost and time. Also questionnaire 
determined the importance index of suggested measures to reduce rework in 
construction projects in Gaza Strip. 
3.10.1 Questionnaire design 
The questionnaire was initially designed based on the extensive literature review of 
previous studies. The first questionnaire draft was designed to be reviewed by pilot 
study and based on the results. The questionnaire framework was modified and 
refined based on pilot study, and observations from case studies and expert's opinions. 
This questionnaire aimed to achieve three objectives of this study, which are: 
Objective 1: To investigate contracting parties awareness regard rework in 
construction projects, Objective 2: To identify causes of rework and determine their 
degree of occurrence and their severity on the performance (time and cost) of 
construction projects, and objective 3: To determine the measures for reducing the 
occurrence of rework in construction projects. So that the design of this questionnaire 
fitted with these objectives.  
Refer to Table 3.2 and Table 3.3 for the refinement of questionnaire and to Appendix 
II and Appendix III for the final questionnaire design. 
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3.10.1.1 Causes of rework and its impact on project performance   
Reference to Tables 2.6 page 32 in the literature review 72 factors were assembled. 
Rework causes in construction projects in various countries around the world were 
listed. Not all of these factors are consistent with the conditions and circumstances 
surrounding the Gaza Strip from economic level, the type of projects, geographical 
region and occupation factors, which experienced the Gaza Strip, so it has been 
selected factors commensurate with the nature of construction projects and problems 
in the Gaza Strip. Modifications and new questions then added as a result of the 
interview of experienced construction managers to suit the local construction industry 
in Gaza Strip. 
The researcher collected in the literature review all rework causes and its main 
categories in previous studies. In addition to that several field visits and meetings with 
experts in construction projects management was done. The collected rework causes 
were presented and discussed with them.  
It can be concluded  that it can use most of the subdivisions on Table 2.6 page 32   
with the possibility of dispensing with category related to leadership and 
communication by distributing causes related to it to other two categories, which are 
causes related to human resource and construction category. This was the 
recommendation of several experts in the field and in addition, because many of the 
studies adopted it as studies  of Love et al. (1999a), Josephson and Hammarlund 
(1999), Love and Li (2000), Love and Sohal (2003), Love and Edwards (2004a), 
Wasfy (2010), Mastenbroek, (2010) and Lopez, et al., (2010). So engineering and 
review category was merged with construction and design-related  cause's category, 
this category is construction. 
The researcher added several other rework causes, which weren‘t lists in previous 
studies derived from the experiences of the researcher and the experts who were 
interviewed during this study, or even at the stage of pilot study. 
The researcher concluded all cause's categories which mentioned by previous studies  
in addition to modification  in seven main causes related categories, which are; causes 
related to human-resource   capability, causes related to construction process, causes 
related to materials and equipment supply, external  environment-related   causes, 
Client-related  causes, design-related  causes and contractor-related  causes. Where 
these categories covered all rework causes in all projects implementing life cycle. 
This categorization system has been agreed upon with the experts and pilot study.   
The following Table 3.2 illustrates the findings of the study of the rework causes with 
its stated justification for the use or its main resources. This table contains all rework 
causes that will be the subject of this study and its questionnaire. 
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Table 3.2: List of selected rework causes for this study and final questionnaire 
# Rework causes Main sources 
Causes related to human resource  capability 
1.  Excessive overtime Fayek et al., (2003); Toole (2005). 
2.  An insufficient manpower skill level 
Love et al. (1999a); Alawi et al., (1999); Fayek 




Burati et al., (1992); Love et al. (1999a); Alwi, 
et al., (1999); Josephson et al., (2002); Fayek 
et al., (2003); Wasfy (2010); Mastenbroek, 
(2010); Simpeh, (2012). 
4.  
Insufficient training and skill 
development 
Love et al. (1999a); Alwi, et al., (1999); 
Josephson et al., (2002); Fayek et al., (2003); 
Love and Edwards (2004a);Wasfy (2010); 
Mastenbroek, (2010); Simpeh, (2012). 
5.  Disturbances in personnel planning 
Love et al. (1999a); Josephson et al., (2002); 
Fayek et al., (2003); Love and Edwards 
(2004a): Palaneeswaran (2005; 2006); Wasfy 
(2010); Mastenbroek, (2010); Simpeh, (2012). 
6.  
Lack of employee motivation and 
rewords 
Burati et al., (1992); Love et al. (1999a);Love 
and Edwards (2004a); Simpeh, (2012). 
7.  The absence of job security Added (pilot study) 
8.  
Unclear line of authority and 
responsibility 
Added (pilot study) 
9.  Personnel  attitude (personnel issues) Added (pilot study) 
10.  Conflict of interest Added (pilot study) 
11.  
Lack of safety and welfare 
commitment 
Burati et al., (1992); Love et al. (1999a); Alwi, 
et al., (1999); Mastenbroek, (2010); Simpeh, 
(2012). 
12.  Poor communication system 
Burati et al., (1992); Fayek et al., (2003); Love 
and Edwards (2004a); Palaneeswaran (2005; 
2006); Hwang, et al., (2009); Love et al., 
(2009; 2010); Simpeh, (2012) 
13.  
Ineffective management and 
decision-making 
Burati et al., (1992); Fayek et al., (2003); 
Hwang, et al., (2009); Love et al., (2009; 
2010). 
14.  
Failure to implement Quality 
management practices 
Alwi, et al., (1999); Fayek et al., (2003); 
Hwang, et al., (2009) 
Causes related to construction process 
15.  Lack of Audit and control 
Alwi, et al., (1999); Fayek et al., (2003); 
Hwang, et al., (2009); Simpeh, (2012) 
16.  Schedule pressures 
Love et al. (1999a); Fayek et al., (2003); Love 
and Edwards (2004a); Love et al., (2004) 
17.  Late designer input Fayek et al., (2003); Love & Edwards(2004a) 
18.  Constructability problems Fayek et al., (2003); Mastenbroek, (2010) 
19.  Inadequate pre-project planning 
Burati et al., (1992); Love et al. (1999a) 
Love and Edwards (2004a); Hwang, et al., 
(2009); Love et al., (2009; 2010); 
Mastenbroek, (2010) 
20.  Non-compliance with specification 
Alwi, et al., (1999; 2001); Josephson et al., 
(2002); Fayek et al., (2003); Love and Sohal 
(2003); Clough et al., (2005) 
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Table 3.2: (continued) 
# Rework causes Main sources 
21.  Unclear work specification 
Fayek et al., (2003); Love and Sohal (2003); 
Clough et al., (2005) 
22.  Inadequate supervision 
Love et al. (1999a); Alwi, et al., (1999); 
Josephson et al. (2002),  Fayek et al., (2003); 
Love and Smith (2003) Palaneeswaran (2005; 
2006); Simpeh, (2012) 
 
23.  Poor  project document 
Fayek et al., (2003); Love and Edwards 
(2004a); Lopez, et al., (2010). 
24.  Rigidity to improvement Added (pilot study) 
25.  
Absence of clear  uniform standard to 
accept work 
Added (pilot study) 
Causes related to materials and equipment supply 
26.  Untimely deliveries 
Alwi, et al., (1999; 2001); Josephson et al., 
(2002); Fayek et al., (2003); Love and 
Edwards (2004a) 
27.  Non-compliance with specification 
Alwi, et al., (1999; 2001); Josephson et al., 
(2002); Fayek et al., (2003); Wasfy (2010); 
Simpeh, (2012) 
28.  
Materials not in right place when 
needed 
Alwi, et al., (1999; 2001); Josephson et al., 
(2002); Fayek et al., (2003); Wasfy (2010); 
Simpeh, (2012) 
29.  
Pre-Fabrication not to project 
requirement 
Alwi, et al., (1999; 2001); Fayek et al., 
(2003); Wasfy (2010); Simpeh, (2012) 
30.  Emergency conditions (siege and closures) Added (pilot study) 
31.  Adulterated materials Added (pilot study) 
32.  Invalidity of needed tests Added (pilot study) 
Client-related causes 
33.  
Lack of knowledge of construction 
process 
Burati et al., (1992); Love et al. (1999a) 
Palaneeswaran (2005; 2006); Simpeh, (2012) 
34.  Inadequate briefing 
Love et al. (1999a); Palaneeswaran (2005; 
2006); Simpeh, (2012) 
35.  
Lack of funding allocated for 
consultation 
Added (pilot study) 
36.  
Changes because of change in 
officials 
Added (pilot study) 
Design-related  causes 
37.  lack of professionalism 
Love et al. (1999a); Palaneeswaran (2005; 
2006); Hwang, et al., (2009);Simpeh, (2012) 
38.  Inadequate procurement methods 
Burati et al., (1992);' Love et al. (1999a); 
Love and Li (2000); Love et al., (2004); 
Lopez, et al., (2010) 
39.  Poor  project document 
Fayek et al., (2003); Love and Edwards 
(2004a) 
40.  Design errors and omission 
Burati et al., (1992); Love and Li (2000); 
Fayek et al., (2003); Love and Edwards 
(2004a); Simpeh, (2012) 
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Table 3.2: (continued) 
# Rework causes Main sources 
41.  Competitive/  low design fees 
Love et al. (1999a); Palaneeswaran (2005; 
2006); Hwang, et al., (2009);Simpeh, (2012) 
42.  Incomplete information for design 
Love et al. (1999a); Love and Li (2000) 
Josephson et al., (2002); Lopez, et al., (2010) 
43.  Incomplete design Added (pilot study) 
Contractor -related causes 
44.  Poor quality system 
Love et al. (1999a); Alwi, et al., (1999); Love 
et al., (2004); Clough et al., (2005); 
Palaneeswaran (2005; 2006);Simpeh, (2012) 
45.  
Misreading of drawings and 
specifications 
Love et al. (1999a); Palaneeswaran (2005; 
2006);Simpeh, (2012) 
46.  
Competitive pressure /  low contract 
value 
Burati et al., (1992); Clough et al., (2005) 
47.  Attempts to  fraud Added (pilot study) 
48.  Unqualified technically Added (pilot study) 
49.  
Financial weakness (Phantom cash 
flow) 
Added (pilot study) 
External  environment  related causes 
50.  
Government (Regulations, taxes. Interest 
rates) 
Love et al. (1999a); Love et al., (2009; 2010); 
Mastenbroek, (2010) 
51.  
Economy (Inflation, exchange rates, 
market ( 
Burati et al., (1992); Love et al. (1999a); 
Clough et al., (2005); Love et al., (2009; 
2010); Mastenbroek, (2010) 
52.  
Social (Changing social environment, 
resistances( 
Love et al. (1999a); Love et al., (2009; 2010); 
Mastenbroek, (2010) 
53.  
Technological (techniques, facilities, 
machines) 
Love et al. (1999a); Love et al., (2009; 2010); 
Mastenbroek, (2010) 
54.  
Inadequate  local education 
(Collectors - craftsman - technical) 
Burati et al., (1992); Love et al. (1999a); Love 
et al., (2009; 2010); Mastenbroek, (2010) 
55.  
Physical conditions (Infrastructure, 
transportation, etc) 
Love et al. (1999a); Palaneeswaran (2005; 
2006); Love et al., (2009; 2010); Mastenbroek, 
(2010) 
56.  
Acts of God/Force Major (Weather, 
disaster) 
Palaneeswaran (2005; 2006) 
57.  Political situation (Siege- conflicts) Added (pilot study) 
3.10.1.2 Questionnaire content 
The questionnaire was divided into five main sections, which included (I) Profile of 
respondent, (II) Organizational awareness, (III) Causes of rework and its impact on 
project performance (cost and time), (IV) reworks Reduction, and (V) respondent 
recommendations to reduce rework in construction projects. Following Table 3.3 
illustrates this proportionality between study objectives and questionnaire content. 
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Table 3.3: Questionnaire content. 
Subsection Variables Objective 
Section I: Profile of respondent 
Respondent  
Organization 
Owner – consultant - contractor 
To investigate the relations 
with awareness about 
rework, occurrence and 
impact of rework  causes.   
Company size ( number of 
employees)  according (PCBS, 2012) 
Type of projects: buildings-roads and 
transportation- water and sewage 
Respondent 
personality 
Respondent position: designer- 
supervisor- project manger To investigate relations 
between rework awareness 
and measures to reducing 
rework.   
Respondent experience (years) 
Size of project (Value of the 
contract) 





Using Quality management 
To illustrate links with 
awareness about rework in 
construction projects. 
Interesting in learning and research 
Projects documentations and review 
Interesting in human resource 
development 
Interesting in minimizing waste  
Awareness 
about rework.  
Knowledge about rework concept 
To investigate link learning 
and improvement 
organizational environment, 
respondent  organization and 
respondent personality with 
rework awareness. 
 






Interest and hope of organization  To illustrate actual behavior 
implementing to reduce 
rework, and comparing it 
with parties interest to 
reduce rework for each 
contracting parties. 
Actual behavior implementing    
Section III: Causes of Rework (Table 3.2) (Objective No. 2) 
Section III-A: Degree of occurrence of rework causes  
Causes related to human resource  capability 
To determine the degree of 
occurrence of each causes 
and sub causes in 
construction project, then 
ranking it according its RII. 
 
Causes related to construction process 
Causes related to materials and equipment supply 
Client-related causes 
Design-related  causes 
Contractor -related causes 
External  environment  related causes 
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Table 3.3: (continued) 
Section III-B: Degree of severity of rework causes on project performance 
Causes related to human resource  capability 
To determine the degree of 
severity of rework causes on 
project performance (cost & 
time), then ranking it 
according its RII. 
 
Causes related to construction process 
Causes related to materials and equipment supply 
Client-related causes 
Design-related  causes 
Contractor -related causes 
External  environment  related causes 




To determine the degree of 
severity of these tools and 
techniques to reduce rework, 
then ranking it according its 
RII.  
 
Sufficient and capable resources  
Employee involvement  
Effective Communication  
Teamwork  
Documentation  
Strict resistance against  cheating 
Quality/rework auditing  
Strong qualified supervision 
Continuous evaluation  
Commitment to safety (Strict laws) 
Unification work standards 








Effective planning and scheduling 
Using lean construction tools  
Section V: respondent recommendations to reduce rework in construction projects 
3.11 Pilot study 
The structured questionnaires should be based on a carefully prepared set of questions 
piloted and refined until the researcher is convinced of their validity. Therefore, the 
pre-testing is an important stage in the questionnaire design process, prior to 
finalizing the questionnaire. It involves administrating the questionnaire to a limited 
number of potential respondents and other knowledgeable individuals in order to 
identify and correct design flaws (Naoum, 2007). 
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In order to test the appropriateness, reliability and validity of the scales before 
committing to the complete sample population, a pilot study was undertaken by two 
ways; first one by making face to face interviews with 10 experts, projects managers 
and engineers from different contract parties. Second one was undertaken by inviting 
10 professionals to review the questionnaire. These professionals were selected with 
more than 10 years experience in construction work. Some of them work in academic 
institutions and others in the practical field. Pilot study was conducted to adapt the 
instrument before using it in the main survey. Respondents were then invited to 
feedback on any comments in the designed questionnaires and suggestions for 
refining the survey instruments.  
3.11.1 Pilot study by face to face interviews 
In order to have a comprehensive questionnaire with credible, realistic factor and 
questions, theresearcher conducted 10 face to face interviews with construction 
projects managers and professionals. These interviews aimed to filtering causes of 
rework in construction projects, which was mentioned in table 2.6 page 32 with them 
in addition to ask them to add other causes if they have from their experience. The 
same mechanism to determine measures to reduce rework. Each interview took 
approximately one hour, where the researcher met each one in their project field 
depending on his fellowship with them.  
Each meeting consisted of three main parts as follows: 
Part one: Smart view to the subject of the study and what is its significance to work 
in construction projects. 
Part two: The researcher displayed causes of rework in the construction project which 
were discussed in previous studies (Table 2.6 page 32). Then he listened to 
interviewee opinions in each causes and what they can add to it from their experience, 
each additional cause was mentioned as a story with an example. The result  from this 
part was summarized in Table 3.2.  
Part three: The researcher reviewed tools and measures from previous studies to 
reduce rework with interviewees  and listen to their views in this area. The result from 
this part was summarized in Table 3.4. 
Table 3.4: Measures to reduce rework 
# Measure to reduce rework Main source and comment 
1.  Effective Leadership (CII, 2005), (COAA, 2006)  
2.  Sufficient and capable human resources  (CII, 2005), (COAA, 2006) 
3.  Employee involvement  (CII, 2005) 
4.  Effective Communication  ((CII, 2005), (COAA, 2006) 
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Table 3.4: (continued) 
# Measure to reduce rework Main source and comment 
5.  Teamwork  effectiveness (CII, 2005) 
6.  Project documentation  (CII, 2005) 
7.  
Strict resistance against  cheating (fraud 
fighting) 
Added 
8.  Quality/rework auditing  (CII, 2005), (COAA, 2006) 
9.  Strong qualified supervision (COAA, 2006), (Zhang, 2009) 
10.  
Continuous evaluation before and during 
the implementation of work 
(COAA, 2006), (Zhang, 2009) 
11.  
Commitment to safety (Strict laws) (COAA, 2006), (Zhang, 2009), 
(Mastenbroek, 2010) 
12.  Unification work standards Added (pilot study) 
13.  Strengthen personnel internal ethics Added (pilot study) 
14.  Job security Added (pilot study) 
15.  
Qualified Consultant (COAA, 2006), (Zhang, 2009), 
(Mastenbroek, 2010) 
16.  
Qualified Contractor (COAA, 2006), (Zhang, 2009), 
(Mastenbroek, 2010) 
17.  
Owner evolvement COAA, 2006), (Zhang, 2009), 
(Mastenbroek, 2010) 
18.  Field verification Added (pilot study) 
19.  Minimization work stress Added (pilot study) 
20.  Supplier prequalification (Taggar et al., 2013) 
21.  
Effective planning and scheduling (COAA, 2006), (Zhang, 2009), 
(Mastenbroek, 2010) 
22.  Using lean construction improvement (Basbeth, 2014) 
For present study questionnaire, researchers listed 72 rework causes from literature 
review, which were modified by pilot study to be 42 causes. 16 rework causes were 
added by pilot study. Referring to Table 3.2, there will be 58 rework causes to be 
studied  by questionnaire survey to achieve the second objective of this thesis. 
Referring to Table 3.4, there will be 22 measures for reducing rework to be studied  
by questionnaire survey to achieve the fourth objective of this thesis, where 16 
measures were collected and modified from literature review, and six measures were 
added by pilot study. 
3.12 Data analysis method 
To enhance the external validity, perceived reliability, and optimize a balance 
between the depth and breadth of the research, a combination of several qualitative 
and/or quantitative methods, was adopted in the current research (Muskat et al., 
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2012). In fact, qualitative and quantitative research methods were two major types of 
data collection and analysis methods adopted in behavior and management research 
studies. Qualitative methods aimed to seek how and why things happen, which was 
suitable for in-depth study like group and personal interviews, while quantitative 
methods attempt precise measurement of variables, which was suitable for 
questionnaire survey data analysis. 
Hence, incorporating both qualitative and quantitative studies, was adopted in the 
current study. Quantitative and qualitative research methods were taken out by 
questionnaire surveys and case studies.  
3.12.1 Data measurement 
In order to be able to select the appropriate method of analysis, the level of 
measurement must be understood. For each type of measurement, there was/were an 
appropriate method/s that can be applied and not others. In this research, ordinal 
scales were used. Ordinal scale is a ranking or a rating data that normally uses 
integers in ascending or descending order. The numbers assigned to the important 
(1,2,3,4,5) do not indicate that the intervals between scales are equal, nor do they 
indicate absolute quantities. They are merely numerical labels (Naoum, 2007). 
Likert scales (originally devised by R. Likert in 1932) which were used in this 
questionnaire, are devices to discover the strength of feeling or attitude towards a 
given statement or series of statements and the implication, here is that the higher the 
category chosen, the greater the strength of agreement, but care has to be taken not to 
read too much in these ranked scales. They are usually a three, five or seven-point 
range and ask respondents to indicate the rank order of agreement or disagreement by 
circling the appropriate number (Wikipedia, 2014). For this study, researchers had the 
following typical five-level Likert item: 
1- Strongly disagree 
2- Disagree 
3- Neither agree nor disagree. 
4- Agree 
5- Strongly agree 
3.12.2 Quantitative data analysis using SPSS 
SPSS 17 (Statistical Package for the Social Sciences) for Windows contains a broad 
range of capabilities for the entire analytical process. The decision-making 
information can quickly be generated by using powerful statistics, to understand and 
present the results with tabular and graphical output, and share the results using a 
variety of reporting methods. By using this software, the following data analysis 
techniques were adopted in this study: 
 Relative Importance Index (RII). 
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 Nonparametric Tests (Chi-square test, Kruskal-Wallis test). 
 Spearman correlation coefficient for Validity. 
 Cronbach's Alpha for Reliability Statistics. 
 Frequency and Descriptive analysis. 
3.12.2.1 The relative importance index 
The relative importance index method (RII) was used to determine the ranks of all 
questionnaire factors. The relative importance index was computed as (Sambasivan 
and Soon, 2007): 
    
∑ 
   
                                     
Where: 
W is the weighting given to each factor by the respondents (ranging from 1 to 5) 
A : the highest weight (i.e. 5 in this case) 
N : the total number of respondents 
The RII value had a range from 0 to 1 (0 not inclusive), the higher the value of RII, 
the more impact of the attribute. However, RII doesn't reflect the relationship between 
the various attributes. 
3.12.2.2 Non-parametric test 
Non-parametric methods were widely used for studying populations that take on a 
ranked order. The use of non-parametric methods may be necessary when data have a 
ranking but no clear numeric interpretation, or for data on ordinal scale non-
parametric methods make fewer assumptions; their applicability is much wider than 
the corresponding parametric methods. In particular, they may be applied in situations 
where little is known about the application in question. Also, due to the reliance on 
fewer assumptions, non-parametric methods are more robust. 
Another justification for the use of non-parametric methods is simplicity. In certain 
cases, even when the use of parametric methods was justified, non-parametric 
methods may be easier to use. Due both to this simplicity and to their greater 
robustness, non-parametric  methods were seen by some statisticians as leaving less 
room for improper use and misunderstanding. 
Sign test was used to determine if the mean of a paragraph was significantly different 
from a hypothesized value 3 (Middle value of Likert scale). If the P-value (Sig.) is 
smaller than or equal to the level of significance, 0.05 then the mean of a 
paragraph was significantly different from a hypothesized value 3. The sign of the 
Test value indicates whether the mean is significantly greater or smaller than 
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hypothesized value 3. On the other hand, if the P-value (Sig.) is greater than the level 
of significance, 0.05, then the mean a paragraph is insignificantly different from a 
hypothesized value 3. 
 
Kruskal-Wallis test was used to examine if there was a statistical significant 
difference between several means among the respondents toward the rework among 
professionals in the construction projects in Gaza Strip due to (type of the 
organization, typical of projects of organization, company size (number of 
employees), respondent position in the organization, respondent experience in 
construction industry, project contract amount). 
3.13 Instrument Validity 
Heffner (2004) explained that, validity refers to the degree in which our test or other 
measuring device is truly measuring what we intended it to measure. Field (2003) 
defined the validity of an instrument as; "Validity refers to the degree to which an 
instrument measures what it is supposed to be measuring". Validity has a number of 
different aspects and assessment approaches. There are two ways to evaluate 
instrument validity: (1) content validity and (2) statistical validity, which include 
criterion-related validity and construct validity. 
3.13.1 Content Validity of the Questionnaire 
The content validity of the questionnaire was tested by a panel consisting of ten 
experts. The ten experts are two lectures in the Islamic University, two clients, three 
consultants and three contractors each with minimum experience of 10 years in 
construction and excellent knowledge of project management. Each expert was 
requested to evaluate content validity for each item based on rating the index of 
content validity. Based on comments of the experts many factors were added, 
modified or deleted. All additions, omission and the new factors were discussed and 
approved by the supervisor and then the questionnaire was finalized as Appendix II 
and III. 
3.13.2 Statistical Validity of the Questionnaire 
Statistically, to insure the validity of the questionnaire, two statistical tests should be 
applied. The first test is criterion-related validity test (Spearman test) which measures 
the correlation coefficient between each paragraph in one group and the whole 
groups. The second test is structure validity test (Spearman test) that used to test the 
validity of the questionnaire structure by testing the validity of each group and the 
validity of the whole questionnaire. It measures the correlation coefficient between 
one group and all the groups of the questionnaire that have the same level of similar 
scale (Field, 2003). 
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Spearman rank correlation coefficient is used to determine whether there is evidence 
of a linear relationship between two ordinal variables, or, if both variables are interval 
and the normality requirement may not be satisfied (Laerd Statistics, 2014).  The 
sample spearman correlation coefficient is denoted rs and is given by: 
     
  ∑   
  
   
       
                                   
 
Where: 
rs= Spearman's rank correlation coefficient 
d = the difference in ranking between the usage and effectiveness of factors 
n = the number of factors 
To evaluate the hypothesis testing to verify the association between two variables, 
thefollowing equation is used: 
   
 √
   
    
 
                                      
3.13.2.1 Criterion related validity 
Internal consistency of the questionnaire was measured by a scouting sample, which 
consisted of 30 questionnaires through measuring the correlation coefficients between 
each paragraph in one field and the whole field. Tables in Appendix I from 1 to 18 
clarified the correlation coefficient for each paragraph of each field and the total of 
the field. The p-values (Sig.) are less than 0.05, so the correlation coefficients of this 
field were significant at α = 0.05, so it can be said that the paragraphs of each field 
were consistent and valid to measure what it was set for. 
3.13.2.2 Structure validity of the questionnaire  
Structure validity was the second statistical test that used to test the validity of the 
questionnaire structure by testing the validity of each field and the validity of the 
whole questionnaire. It measures the correlation coefficient between one field and all 
the fields of the questionnaire that have the same level of liker scale. 
Table 3.5 clarifies the correlation coefficient for each field and the whole 
questionnaire. The p-values (Sig.) were less than 0.05, so the correlation coefficients 
of all the fields were significant at α = 0.05, so it can be said that the fields were valid 
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1.  Learning and improvement organizational environment .33(*) 0.000 
2.  Awareness about rework.  .17(*) 0.000 
3.  Interesting in reducing rework .30(*) 0.021 
4.  








Degree of occurrence causes related to materials and 
equipment supply 
.58(*) 0.000 
7.  Degree of occurrence client-related causes .79(*) 0.000 
8.  Degree of occurrence design-related  causes .79(*) 0.000 
9.  Degree of occurrence contractor -related causes .71(*) 0.000 
10.  




Severity of causes related to human resource  capability 
on project performance 
.61(*) 0.000 
12.  




Severity of causes related to materials and equipment 
supply on project performance 
.62(*) 0.000 
14.  Severity of client-related causes on project performance .72(*) 0.000 
15.  Severity of design-related  causes on project performance .67(*) 0.000 
16.  
Severity of contractor -related causes on project 
performance 
  .59(*)  0.000 
17.  




respondent recommendations to reduce rework in 
construction projects 
.51(*) 0.000 
* Correlation is significant at the 0.05 level 
3.14 Reliability analysis 
Reliability aimed to examine the quality of measurement. It was the "consistency" or 
"repeatability" of the analysis. The primary goal was the accuracy of the measures of 
the dependent variable (in a correlation study both the independent and dependent 
variable should be examined). Reducing sources of measurement error was the key to 
enhance the reliability of the data. Reliability was typically assessed by one of the two 
ways: (1) Internal consistency - Precision and consistency of test scores on one 
administration of a test and (2) Stability - Precision and consistency of test scores over 
time (test-retest). One of the most commonly used indicators of reliability analysis 
was Cronbach's alpha coefficient (Field, 2003).  
The reliability of an instrument was the degree of consistency which measures the 
attribute it was supposed to be measuring (Golafshani, 2003). The less variation an 
instrument produces in repeated measurements of an attribute, the higher its 
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reliability. Reliability can be equated with the stability, consistency, or dependability 
of a measuring tool. The test was repeated to the same sample of people on two 
occasions and then compared the scores obtained by computing a reliability 
coefficient (Golafshani, 2003). 
3.14.1 Cronbach’s Coefficient Alpha 
This method is used to measure the reliability of the questionnaire between each 
group and the mean of the whole groups of the questionnaire. Chronbach's alpha 
(Golafshani, 2003) is designed as a measure of internal consistency, that is, do all 
items within the instrument measure the same thing? Alpha typically varies between 0 
and 1. The closer the Alpha is to 1, the greater the internal consistency of items in the 
instrument being assumed. 
Cronbach's Alpha can be written as a function of the number of test items and the 
average inter-correlation among the items. Below, for conceptual purposes, we show 




        
                                    
 
Where:  
k is equal to the number of items; 
r is the average inter-item covariance among the items. 
One can see from this formula that if you increase the number of items, you increase 
Cronbach's alpha. Additionally, if the average inter-item correlation is low, alpha will 
be low. As the average inter-item correlation increases, Cronbach's Alpha increases. 
This makes sense intuitively - if the inter-item correlations are high, and then there is 
evidence that the items are measuring the same underlying construct. This is really 
what is meant when someone says they have "high" or "good" reliability (Golafshani, 
2003). The normal range of Cronbach's coefficient alpha value between 0.0 and + 1.0 
(Richard and Anita, 2008), and the higher values reflects a higher degree of internal 
consistency.  
The Cronbach's coefficient alpha was calculated for each field of the questionnaire. 
Table 3.6 showed the values of Cronbach's Alpha for each field of the questionnaire 
and the entire questionnaire. For the fields, values of Cronbach's Alpha were in the 
range from 0.671 and 0.917. This range was considered high; the result ensured the 
reliability of each field of the questionnaire. Cronbach's Alpha equals 0.84 for the 
entire questionnaire which indicated an excellent reliability of the entire 
questionnaire. 
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Table 3.6: Cronbach's Alpha for each field of the questionnaire and the entire 
questionnaire 
No. Field Cronbach‘s 
Alpha 
1.  Learning and improvement organizational environment .855(*) 
2.  Awareness about rework.  .671(*) 
3.  Interesting in reducing rework .849(*) 
4.  Degree of occurrence causes related to human resource  
capability 
.826(*) 
5.  Degree of occurrence causes related to construction process .897(*) 
6.  Degree of occurrence causes related to materials and 
equipment supply 
.845(*) 
7.  Degree of occurrence client-related causes .852(*) 
8.  Degree of occurrence design-related  causes .917(*) 
9.  Degree of occurrence contractor -related causes .910(*) 
10.  Degree of occurrence external  environment  related causes .804(*) 
11.  Severity of causes related to human resource  capability on 
project performance 
.846(*) 
12.  Severity of causes related to construction process on project 
performance 
.867(*) 
13.  Severity of causes related to materials and equipment supply 
on project performance 
.700(*) 
14.  Severity of client-related causes on project performance .840(*) 
15.  Severity of design-related  causes on project performance .862(*) 
16.  Severity of contractor -related causes on project performance .830(*) 
17.  Severity of external  environment  related causes on project 
performance 
.802(*) 
18.  respondent recommendations to reduce rework in 
construction projects 
.900(*) 
Thereby, it can be said that the researcher proved that the questionnaire was valid, 
reliable, and ready for distribution for the population sample. 
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Chapter 4 : Results and discussion 
4.1 Introduction 
This chapter describes the results and discussion of this thesis. It contained two main 
parts. First one displayed questionnaire survey results and discussion which 
concerning on causes of rework in construction projects, as well as the impact of 
rework on project performance, specifically on project cost and time. In addition to 
that it illustrated survey results about measures how to reduce the occurrence of 
rework. Second part displays case studies results and discussion, which concerning on 
determining the impact of rework on project performance (time and cost). 
4.2 Questionnaire survey results and discussion 
This questionnaire aimed to achieve three objectives of this study, which are: 
Objective 1: To investigate contracting parties awareness regard rework in 
construction projects, Objective 2: To identify causes of rework and determine their 
degree of occurrence and their severity on the performance (time and cost) of 
construction projects, and objective 4: To determine the measures for reducing the 
occurrence of rework in construction projects. 
This questionnaire was divided into five main sections, which included (i) Profile of 
respondent, (ii) Organizational awareness, (iii) Causes of rework and its impact on 
project performance (cost and time), (iv) Rework Reduction, and (v) respondent 
recommendations to reduce rework in construction projects. Data collected was 
analyzed using both descriptive and inferential tools of statistical software Statistical 
Package for Social Science (SPSS 17). 
4.2.1 Section I: Population characteristics 
This section of the questionnaire mainly designed to provide general information 
about the respondents in terms of the type of organization, major type of work 
involved, company size (number of employees), position and experience of 
respondents, and value of the contract of the project which respondents refer to it. 
4.2.1.1 Type of respondents organization 
In these study, 51% (89) contractors, 23% (40) owners, 26% (46) consultants 
participated in the questionnaire as shown at Figure (4.1). The general response rate 
for contractors, owners and consultants was 88 % and the total number of respondents 
for the three parties was 175 out of 200 respondents. The response rate of contractors 
was 89% (89 out of 100 respondents), for the owner 80% (40 out of 50 respondents) 
and 92% (46 out of 50 respondents) for consultants. 
Chapter 4                                                                                  Results and discussion 
   96 
 
 Figure 4.1: Type of respondents organization  
4.2.1.2 Type of work executed by the respondents organization 
Figure 4.2 shows that the combination projects which its work combined from 
building, roads and water represented the highest field of work for respondents with 
39% (68). In the other side  companies' respondents who work in only one  work field 
projects respondents with 37% (65) in buildings,   8% (14) of work were in roads and 
transportation, and 5% (8) in water and sewage. This differentiation between type of 
work executed by the respondents organization presented the practical life, where 
most of the construction organization in Gaza Strip, especially high-class   companies 
(1st,  2nd,
  
3rd) implement more than one type of construction work ( PCU, 2014). 




Figure 4.2: Type of work executed by the respondents organization 
Owner; (40); 
 23% 
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4.2.1.3 Respondents organization size ( number of constant employees) 
Palestinian Central Bureau of Statistics (PCBS) divided companies size according to 
the number of employees as; small organization (1-4 employees), medium(5-20 
employees) and large (more than 20 employees) (PCBS, 2012). This questionnaire 
depended on PCBS dividing.  
Due to the need of several employees into the organization to perform the required 
works, it can be understood from Figure 4.3 that the majority of respondent 
companies (84 %) have more than 20 employees who can be called large companies 
according to PCBS dividing. While only (15 %) of companies have 5 to 20 employees 
who can be called medium companies according to same dividing. It should be 
mentioned that Palestinian business forum (PBF) in his report in March 2014 said that 
the rating companies engaged in construction fields are large companies compared to 
other companies operating in other areas in Gaza Strip (PBF, 2014). 
To be clear it should be flashed that judgment on the project of being small, medium 
or large governed by several regulations and standards that take into account in which 
the project circumstances, surrounding environment and the stage of development of 
society. Based on the United Nations Program for Development and Trade 
(UNCTAD) definition to the size of organization, where it is known small-scale 
project where the project consists from 10-20 workers or less, and the project is 
known as the Mediterranean where it consists of 100-500 workers. The European 
Union defined small project if the number of employees less than 50 workers and 
medium project if the number of employees less than 250 workers (PBF, 2014). 
So that according to previous world wide dividing regard companies size most of the 
construction organizations in Gaza Strip are small and medium companies,  where its 
number of employees less than 250 employees. 
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4.2.1.4 Respondents position in organization 
Figure 4.4 shows that 46% (41) of contracting companies respondents were site 
engineers (supervisors), 40% (36) were projects managers. 12% (11) were office 
engineers (designers). It has been found that 40% (16) of owners respondents were 
site engineers (supervisors), 33% (13) were projects managers. 28% (11) were office 
engineers (designers). It has been found that 48% (22) of the consultants companies 
respondents were projects managers. 37% (17) were site engineers (supervisors),  
17% (8) were an office engineer (designers). Totally out of 175 respondents for the 
three parties, 42% (74) of the respondents were supervisors. 41% (71) were projects 
managers. 17% (30) were designers. 
 
Figure 4.4: Respondents position in organization 
 
4.2.1.5 Experience of respondents 
Figure 4.5 shows that 58% (101) of the respondents have experience between 7 to 14 
years at construction, and the percentage of respondents who have experience more 
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Figure 4.5: Experience of respondents 
4.2.1.6 Value of last project executed by the respondent organization 
Figure 4.6 shows that only 14 % of respondents executed projects with cost less than 
one million dollar per annum, 6 % of respondents executed projects with cost ranged 
from one to five million dollar. On the other hand, 80 % of respondents executed 
projects of total more than five million dollar cost. It's concluded that most 
organizational constructions are considered as large organization in regard to the 
project sizes in Gaza Strip. From this result, it can be said that, all questionnaire 
results can be applied on projects size.   
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4.2.2 Section II: Contracting parties awareness regard rework in construction 
projects  
This section of the questionnaire  mainly designed to investigate contracting parties 
awareness regard rework in construction projects in Gaza Strip. To achieve this 
objective researcher looked for illustrating expected results, which are listed in Table 
4.1. 
Table 4.1: Expected results from organizational awareness  regard rework questions 





Using Quality management 
To illustrate links with 
awareness about rework in 
construction projects. 
Interesting in learning and research 
Projects documentations and review 
Interesting in human resource 
development 
Interesting in minimizing waste and 
maximizing value 
Awareness 
about rework.  
Knowledge about rework concept To investigate link learning 
and improvement 
organizational environment, 
respondent  organization and 
respondent personality with 
rework awareness. 






Interest and hope of organization  To illustrate actual behavior 
implementing to reduce 
rework, and comparing it 
with parties interest to 
reduce rework for each 
contracting parties. 
Actual behavior implementing    
Besides satisfying above results, three hypotheses were tested related to 
organizational awareness regard rework, which are: 
H0a: There are no significant Learning and improvement of organizational 
environment in construction projects in Gaza Strip. 
H0b: There is no significant awareness about rework in construction projects in Gaza 
Strip. 
H0c: There is no significant interest between parties  to reduce rework in construction 
projects in Gaza Strip. 
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Learning and improvement organizational environment 
Table 4.2 shows respondents answers about questions related to learning and 
improvement organizational environment in construction organization in Gaza Strip. 
The results indicated that 82 % of construction organizations trying to use quality 
management, this result indicated the good view for construction management field in 
Gaza Strip where most of the top management in this organization has acceptable 
technical and managerial quality. As mentioned in methodology chapter the 
respondents of this thesis questionnaire were professionals.  
That lead to explain good interest between all respondents in learning mechanisms 
with relative important index RII 74%. This percentage increased according to owner 
respondents to 80%, where owners in this questionnaire were formal owners (NGOs, 
ministries, etc.) and they often choose high-quality  engineers for their work. It should 
be mentioned here most of these projects fund by international organization where 
they concern in learning and improvement environment. Less percentage in making 
research and development it is about 68%, this low level because of lockage of the 
fund for this purpose. 
By looking to results, which connect in improving and training workers and staffs, 
low level about 62% that because most of the workers and staffs work as temporary 
employees, commonly contractors depend on subcontractors in implementing 
different construction work. Respondents indicated that most of their companies 
interested in minimizing waste and maximizing project value, about 86% of owners 
organizations and 80% of contractors companies in interested in this issue. Close of 
this percentage construction organization makes project reviews. 
Table 4.2: Learning and improvement organizational environment in construction 
projects in Gaza Strip. 
Statement 
Owner Consultant Contractor All parties 
mean RII% mean RII% mean RII% mean RII% 
Company use quality management 
practices 
4.1 82.0 4.2 84.0 4 80.0 4.1 82.0 
Company interest in new learning 
mechanisms 
4 80.0 3.7 74.0 3.6 72.0 3.7 74.0 
Company does research and 
development 
3.8 76.0 3.1 62.0 3.4 68.0 3.4 68.0 
Company does project reviews 4.1 82.0 3.4 68.0 3.7 74.0 3.7 74.0 
Company has training programs for 
staff 
3.2 64.0 3.1 62.0 3 60.0 3.1 62.0 
Company does improvement to 
workers 
3.9 78.0 3.5 70.0 3.5 70.0 3.6 72.0 
Company interest in minimizing 
waste and maximizing project value 
4.3 86.0 3.2 64.0 4 80.0 3.9 78.0 
 
Chapter 4                                                                                  Results and discussion 
   113 
By hypothesis that H0a: There is no significant learning and improvement 
organizational environment in construction projects in Gaza Strip. The result reject 
the Null-hypothesis where Chi-Square equal 136.709 and P-value equal 0.000 which 
is much less than 0.05. 
So it can be concluded that the level of learning and development environment in 
construction field in Gaza Strip is acceptable, although there is less interest in training 
workers as previous results reviewed.        
Awareness about rework in construction projects in Gaza Strip 
Table 4.3 shows the level of awareness about rework in construction projects in Gaza 
Strip between all contract parties. All respondents from all contract parties think that 
they know what are the main causes of rework with RII 78%. With same percentage 
they think they know its impact on project too and it form a serious problem in 
construction industry. But on other hand less percentage which was about 60% of 
respondents  believed that rework is waste.  
Table 4.3: Level of awareness about rework  
Statement 
Owner Consultant Contractor All parties 
mean RII% mean RII% mean RII% mean RII% 
Knowledge about rework in 
construction 3.85 77 3.51 70 3.70 74 3.69 74 
Knowledge about rework causes in 
construction 
3.88 78 3.94 79 3.92 78 3.91 78 
Knowledge about rework impact on 
construction 3.95 79 3.91 78 3.94 79 3.94 79 
Believe that rework is waste 
2.80 56 3.00 60 3.07 61 2.99 60 
Believe that rework increase project 
cost 4.13 83 3.74 75 4.01 80 3.97 79 
Believe that rework is a serious 
problem in construction 4.20 84 3.57 71 4.10 82 3.98 80 
By hypothesis that H0b: There is no significant awareness about rework in 
construction projects in Gaza Strip. The result reject the non-hypothesis, where Chi-
Square equal 147.834 and P-value equal 0.000 which is much less than 0.05. 
Parities interesting in reducing rework in construction projects in Gaza Strip 
Table 4.4 shows how much parities interesting in reducing rework in construction 
projects in Gaza Strip. There is a consensus among all parties in the interest to reduce 
rework in construction where about 84% of respondents indicated that they and their 
organizations interested in minimizing rework but on the other side, low percentage 
about half of the sample indicated that they didn‘t have a control system on rework, or 
they practically can't reduce to rework in their projects. 
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Table 4.4: Parities interesting in reducing rework  
Statement 
Owner Consultant Contractor All parties 
mean RII% mean RII% mean RII% mean RII% 
Interests in minimizing rework 4.20 84% 4.10 82% 4.46 
89 
4.25 85% 
Have controlling on rework 3.15 63% 3.05 61% 3.16 
63 
3.12 62% 
Have ability to reduce rework 2.85 57% 2.90 58% 3.06 
61 
2.94 59% 
By hypothesis that H0c: There is no significant interest between parties to reduce 
rework in construction projects in Gaza Strip. The result reject the non-hypothesis, 
where Chi-Square equal 118.857 and P-value equal 0.000 which is much less than 
0.05. 
Test of agreement among respondents 
Kruskal-Wallis test was used to examine the level of agreement among the three 
groups of respondents (client, consultant and contractor) on awareness about rework 
in construction projects in Gaza strip.  
The result of Kruskal-Wallis test analysis from SPSS at 5% significant level is shown 
in Table 4.5. The probability of  significance is 0.026 less than 0.05, this mean there 
are statistical differences between mean ranks of  type of organization  for the client 
group  according to awareness about rework in construction projects in Gaza strip. 
















Client 40 99.52 
7.315 0.026 
Consultant 47 71.86 
Contractor 88 91.38 
Total 175 
 
From results of this section of the questionnaire survey, it can be concluded that as 
Gaza Strip- Palestine considered as a developing country, there is significant interest 
in learning and development in construction industry environment. However, it should 
be in the account that unrest  circumstances, surrounding environment and the stage of 
development of Palestinian society affect this learning environment, especially the 
difficulty of economic and political situation. 
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The results indicated that there is considerable interest between  construction industry 
parties in minimizing waste and maximizing project value. In a same side, they 
believe that rework as a non-added value and waste and there is a real intent to reduce 
rework event in construction projects in Gaza Strip. 
It is worth mentioning that there is a positive indicator appeared as a result for this 
research that there is a significant awareness between parties about rework and its 
causes and its impact. On the other hand, it was found some limitation to deal 
properly with this problem. There is significant weakness in controlling system on 
rework in the construction project. In addition to that there is weakness in training 
system and improvement of workmanship.  
These results agreed with Mills et al (2010), Love et al. (2010) and Palaneeswaran, 
(2006) who indicated that increase awareness about the rework problem and 
identification of rework root causes will help the construction industry to reduce the 
occurrence of rework. Simpeh, (2012) stated that creating the awareness as to the 
impact rework costs can have on project performance is probably the most obvious 
intervention and the starting point for establishing an in-depth knowledge of the root 
source of rework. Once understanding of the magnitude of rework costs has been 
acquired, effective strategies for its reduction can be designed and implemented in 
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To identify causes of rework and determine their degree of 
occurrence and their severity on the performance (time and cost) 
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4.2.3 Section III: Causes of rework and its impact on project performance (cost 
and time) in construction projects in Gaza Strip. 
This section of the questionnaire was mainly designed to achieve the second objective 
of this study, which is " Identifying causes of rework and determine their degree of 
occurrence and their severity on the performance (time and cost) of construction 
projects ".  
The researcher inquired about 58 causes, which were grouped in seven main causes 
related categories, which are; causes related to human-resource   capability, causes 
related to construction process, causes related to materials and equipment supply, 
external  environment-related   causes, client-related  causes, design-related  causes 
and contractor-related  causes. Where these seven categories covered all rework 
causes, which were mentioned in previous studies in addition to added causes by 
researcher and pilot study in all projects implementing life cycle. This categorization 
system has been agreed upon with the experts and pilot study as mentioned in 
methodology chapter. 
According to using a five-point Likert scale the RII% (Relative Importance Index) can 
describe the degree of occurrence each causes as (0- 19%) never occurred; (20%- 
39%) neutral occurred; (40%-59%) sometimes occurred; (60%-79%) usually occurred 
and (80%-100%) always occurred. And describe its severity on the project 
performance (time and cost) as (0- 19%) not severe; (20%- 39%) slightly severe; 
(40%-59%)  severe; (60%-79%) very severe and (80%-100%) extremely severe 
(Wikipedia, 2014). 
Table 4.6 shows the degree of occurrence and  severity on project performance (time 
and cost) rework event according to each rework causes category.  
Table 4.6: Rework causes categories degree of occurrence and  degree of severity on 
project performance. 
Rework causes category 
Degree of occurrence Degree of severity 
RII % SD Rank RII % SD Rank 
Contractor related causes 73% 6.00 1st 79% 4.58 1st 
Human resource  capability related causes 71% 8.14 2nd 75% 7.90 2nd 
External  environment  related causes 70% 6.35 3rd 74% 6.59 4rd 
Design related causes 68% 6.55 5th 75% 5.47 2nd 
Materials and equipment supply related causes 69% 5.75 4th 71% 4.42 6th 
Client related causes 67% 4.72 6th 73% 3.93 5th 
Construction process related causes 67% 9.02 6th 71% 7.98 6th 
Results in Table 4.6 will be discussed per each category later in this section. 
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A list of 58 rework causes were divided between seven main groups, which were 
adopted from literature and modified according to the pilot study. These causes were 
subjected to the views of respondents to  determine their degree of occurrence and 
their impact on project performance (time and cost). The descriptive statistics, i.e. 
means, standard deviations (SD), relative importance indices (RII) and their ranks. 
The most important causes will be discussed according to degree of occurrence and 
degree of impact on project performance. Each rework causes category will be 
illustrated separately. 
4.2.3.1 Rework causes related to human resource  capability in construction 
project in Gaza Strip 
According to results in Table 4.6 rework causes related to human-resource capability 
was ranked as the second group in both side degrees of occurrence and severity on 
project performance, where rework events, which are occurred because of this causes 
usually occurred with relative importance index RII 71%. And it is very severe on 
project performance with relative importance index RII 75%. That reflect the 
importance of human-resource  management in reducing rework occurring and 
impact. This result is in line with Love et al., (1999a), Alwi, et al., (1999), Fayek et al. 
(2003), Palaneeswaran (2005; 2006), Palaneeswaran et al., (2007), Hwang, et al., 
(2009), Wasfy (2010), Mastenbroek(2010), Simpeh, (2012) and Meshksarr (2012). 
Where all previous researches indicated on the significant effect of the human 
resources on rework. Fayek et al. (2003) indicated that human-resource  capability 
rework causes category to contribute about 21% of rework cost, he ranked it as 
second category, this result conforms significantly with this thesis result.  
A list of 13 rework causes related to human-resource  capability was adopted from 
literature and modified according to the pilot study. Rework events because of these 
causes were subjected to the view of respondents to determine their degree of 
occurrence and their impact on project performance. The most important causes will 
be discussed.  
Degree of occurrence of human resource capability related causes  
Table 4.7 presents the degree of occurrence of human-resource  capability related 
causes and their ranks  according to relative important index RII.  
Table 4.7: Degree of occurrence of human resource capability related causes  
Rework causes 
Degree of occurrence 
quoted by 175 
respondents* Score Mean SD RII% Rank 
Over
all 
rank 1 2 3 4 5 
The absence of job security 6 8 39 38 84 711 4.06 1.19 81.2 1 1 
Lack of employee 
motivation and rewords 
15 10 50 24 76 661 3.78 1.67 75.6 2 4 
An insufficient skill level 0 34 34 47 60 658 3.76 1.26 75.2 3 5 
Chapter 4                                                                                  Results and discussion 
   119 
Table 4.7: (continued)  
Rework causes 
Degree of occurrence 
quoted by 175 
respondents* Score Mean SD RII% Rank 
Over
all 
rank 1 2 3 4 5 
Conflict of interest 9 10 59 48 49 643 3.67 1.2 73.4 4 7 
Excessive overtime 5 20 48 70 32 629 3.59 1.01 71.8 5 13 
Disturbances in personnel 
planning 
3 38 39 50 45 621 3.55 1.3 71.0 6 14 
Ineffective management 
and decision-making 
19 12 39 67 38 618 3.53 1.47 70.6 7 16 
Inadequate coordination 
and integration 
4 43 44 38 46 604 3.45 1.4 69.0 8 23 
Personnel  attitude 
(personnel issues) 
0 19 79 57 20 603 3.45 0.69 69.0 9 24 
Insufficient training and 
skill development 
3 26 69 51 26 596 3.41 0.94 68.2 10 26 
Unclear line of authority 2 26 70 64 13 585 3.34 0.74 66.8 11 35 
Lack of safety and welfare 
commitment 
10 39 59 33 34 567 3.24 1.36 64.8 12 46 
Poor communication 
system 
20 33 49 50 23 548 3.13 1.44 62.6 13 49 
Note: * 1- never occurred; 2- neutral occurred; 3- sometimes occurred; 4- usually occurred; 5- always occurred 
The surveyed respondents ranked ―The absence of job security”, as the first rework 
causes related to human resource capability. This cause was further ranked first 
among the 58 causes surveyed with RII 81.2%. Thus perceived to be the most 
significant rework cause according to the degree of occurrence in construction 
industry in Gaza Strip. Where rework, because of this cause, is always occurred due 
to temporary employment of most workers into the construction field in Gaza Strip. In 
addition to that commonly contractors depend on subcontractors in implementing 
different construction work. These lead to less loyalty to employers between workers. 
On the other hand most of the employers are not interested in improving and training 
workers and staffs. This may lead to low workmanship quality and rework. This result 
agreed with  Chan (2002), Sageer et al. (2012) and Thwala et al. ( 2012 ), who 
indicated that in construction industry, there is serious relationship between job 
security and job satisfaction.  
“Lack of employee motivation and rewords” with RII of 75.6%, was ranked second in 
this group, and fourth among all causes explored. Employees work harder and 
respond faster to instructions. Their pace is, furthermore, associated with a greater 
sense of satisfaction, pride and responsibility, hence they typically achieve more, 
compared to de-motivated or discouraged operatives. This encourages them to make 
work correctly in first time. This outcome is in line with the findings of Burati et al., 
(1992), Love et al., (1999a), Love and Edwards (2004a), Simpeh, (2012). Love et al., 
(1999a) indicated that motivation and defects in the construction act upon incidences 
of rework inversely and directly, in respect. 
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Respondents ranked “An insufficient skill level” for manpower in the work field as 
the third cause related to human resource capability, and fifth among all causes 
explored. Where rework according to it usually occurred with relative importance 
index of RII 75.2%. This result is attributed to the labor force characteristics of the 
local construction sector. Where most of them are unskilled and semiskilled labors. 
That leads to poor practices, misinterpretation of contract conditions and faulty 
outputs. Therefore, rejection of completed activities may contribute to be expensive 
reworks. This outcome corroborates the findings of  Love et al., (1999a), Alawi et al., 
(1999), Fayek et al., (2003), Palaneeswaran (2006) and Oyewobi and Ogunsemi 
(2010) and Simpeh et al., (2012) results. Oyewobi and Ogunsemi (2010) indicated 
that disturbance of personnel planning are most responsible for rework occurrence 
and they ranked lack of skill and usage of inexperienced personnel as the second. This 
result is in agreement with the findings of Simpeh et al., (2012) who illustrated that 
lack of skills aggravated the occurrence of rework on site. They ranked it as the fifth 
one. Palaneeswaran (2006) and Aljassmi and Sangwon (2012) agreed upon that 
workers lack of skill alone may not cause rework, unless combined with inadequate 
supervision of site engineers who are responsible of correcting workers mistakes. 
Test of agreement among respondents 
Kruskal-Wallis test was used to examine the level of agreement among the three 
groups of respondents (client, consultant and contractor) on awareness about rework 
in construction projects in Gaza strip. The result of Kruskal-Wallis test analysis from 
SPSS at 5% significant level is shown in Table 4.8, which shows the probability of  
significance is 0.01 less than 0.05, this mean there are statistical differences between 
mean ranks of type of organization for the consultant group according to the degree of 
occurrence of rework causes related to human-resource  capability in the construction 
project in Gaza Strip. 

















Client 40 68.31 
9.214 0.01 
Consultant 47 100.73 




Impact on project performance of human-resource  capability related causes.  
Table 4.9  presents the descriptive statistics, findings of the perceived importance and 
ranks of causes classified under the human-resource  capability group upon inspecting 
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impact of each cause on project performance (cost & time), it can be noticed that all 
of them have a significant impact on project performance. 
Table 4.9: Human resource capability related causes impact on project performance. 
Rework causes 
Degree of severity on 
project performance 
quoted by 175 
Respondents* 




1 2 3 4 5 
Ineffective management 
and decision-making 
5 12 27 46 85 719 4.11 1.16 82.2 1 3 
The absence of job security 5 22 24 48 76 693 3.96 1.33 79.2 2 5 
An insufficient skill level 5 0 55 56 59 689 3.94 0.9 78.8 3 7 
Disturbances in personnel 
planning 
0 15 33 81 46 683 3.9 0.78 78.0 4 10 
Lack of employee 
motivation and rewords 
0 14 57 40 64 679 3.88 1 77.6 5 12 
Conflict of interest 4 6 60 55 50 666 3.81 0.93 76.2 6 16 
Excessive overtime 5 20 38 70 42 649 3.71 1.09 74.2 7 21 
Personnel  attitude 
(personnel issues) 
0 24 49 66 36 639 3.65 0.91 73.0 8 25 
Unclear line of authority 9 16 36 88 26 631 3.61 1.03 72.2 9 32 
Inadequate coordination 
and integration 
4 22 62 46 41 623 3.56 1.1 71.2 10 37 
Poor communication 
system 
12 17 43 70 33 620 3.54 1.23 70.8 11 39 
Insufficient training and 
skill development 
4 14 80 44 33 613 3.5 0.92 70.0 12 40 
Lack of safety and welfare 
commitment 
9 28 45 63 30 602 3.44 1.22 68.8 13 46 
Note: * 1- not severe; 2- slightly severe; 3- severe; 4- very severe; 5- extremely severe 
 ―Ineffective management and decision-making‖ was ranked first rework cause related 
to human resource capability that extremely severe on project performance with RII 
of 82.2% and third among all causes explored. Such poor  management practices have 
contributed to time wastage, unnecessary costs, increased errors, rework incidents and 
misunderstandings which have significant effect on project performance. This result is 
in agreement with the findings of Hammarlund and Josephson (1991), Burati et al., 
(1992), Fayek et al., (2003), Hwang, et al., (2009), Love et al., (2009; 2010), Enshassi 
et al., (2009) and Jarkas et al., (2012). Hammarlund and Josephson (1991) suggested 
that a large part of the failure costs found in construction projects are attributable to 
the poor skills of site management. Fayek et al., (2003) ranked this cause in the first 
of rework causes under leadership and communication group. Jarkas et al., (2012) 
indicated that effective management and leadership is required to avoid faulty and 
non-conforming work to contractual specifications. Therefore, minimize the 
expensive incidents of rework and the associated delays to activities at hand. This 
study strongly agreed with Enshassi et al., (2009) results which ranked level of project 
leadership and management skills as second factor that affect project performance in 
Gaza Strip with RII 0.902.      
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With RII of 79.2%, the surveyed respondents ranked “The absence of job security” as 
the second cause influencing project performance in this group. This cause is further 
ranked fifth in its impact among the 58 causes surveyed. Which is very severe project 
cost and time. As mentioned before most of workers in construction field in Gaza 
Strip work as temporary employees, this may lead to low workmanship quality. 
Negligence of workers satisfaction and security increase defects, errors and rework. 
Which can seriously affect project performance negatively. This result agree with  
Chan (2002), Sageer et al., (2012), Thwala et al., (2012) and Alavifar and Motamedi 
(2014) who illustrated that insecurity job feeling between labors negatively affect 
project performance and is one of main delay causes in construction project in Iran.     
“An insufficient skill level” for manpower in work field usually severe project cost 
and time.  This cause came in third in rank within this group, and seventh overall, 
with RII of 78.8%. Unskilled and poorly trained labors are commonly characterized 
with low and faulty outputs coupled with unjustifiably high inputs. Their outputs, in 
addition, are almost always rejected, either in whole or in part, by the inspection 
architect/engineer, resulting in extensive and expensive rework, rectifications or 
repairs. Contrastingly, experienced operatives possess sound intellectual abilities, 
practical solutions to encountered obstacles, and high technical skills. All of which 
lead to higher performance, lower cost of labor, and better quality of finished 
activities. This outcome agreed with the findings of Love et al., (1999a), Alawi et al., 
(2001), Fayek et al., (2003), Palaneeswaran, (2006), Oyewobi et al., (2011) and 
Meshksarr (2012). Alawi et al., (2001) ranked insufficient skill level as second rework 
causes affect project cost. This result is in line with Meshksarr (2012) who indicated 
that insufficient skill levels and inadequate supervision extremely affect project cost 
and time.  
Test of agreement among respondents 

















Client 40 85.56 
0.200 0.905 
Consultant 47 87.04 
Contractor 88 89.62 
Total 175 
 
Table 4.10 shows the probability of  significance is 0.01 less than 0.05, this mean 
there is statistical agreement between mean ranks of type of organization according to 
impact on project performance of rework causes related to human resource capability 
in construction project in Gaza Strip. 
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Relationship between HR causes degree of occurrence and their impact on project 
performance 
Non-parametric Spearman correlation test was used to examine the relationship 
between the degree of occurrence and impact on project performance of human-
resource  capability rework causes in construction projects in Gaza strip. The result of 
Spearman's test  analysis from SPSS at 5% significant level is shown in Table 4.11. 








Relationship between degree of occurrence and 
impact on project performance among HR 
rework causes group 
   * Correlation is significant at the 0.05 level 
Table 4.11 shows that there is a statistically significant relationship between degree of 
occurrence and impact on project performance among human resource capability 
rework causes group.  This relationship estimated at 72% as R
2
 = 0.721 with degree of 
significant 0.0001 which is much lower than 0.05. This can confirm when the degree 
of occurrence of human resource capability rework causes increase, their impact on 
project performance increase consequently. 
 
4.2.3.2 Rework causes related to construction process in construction project 
in Gaza Strip 
According to results in Table 4.6 rework causes related to construction process was 
ranked as the last group in both side degrees of occurrence and severity on project 
performance, where rework events, which are occurred because of this causes usually 
occurred with relative importance index RII 67%. And it is very severe on project 
performance with relative importance index RII 71%. This group was discussed from 
a number of researcher like Alwi, et al., (1999); Fayek et al., (2003); Hwang, et al., 
(2009); Simpeh, (2012) where all previous researches indicated on the significant 
effect of it on rework. Fayek et al., (2003) ranked the construction and planning 
rework causes category as the fourth category that contributes in rework cost. 
A List of 12 rework causes related to construction process was adopted from literature 
and pilot study. These causes were subjected to the views of respondents to  
determine their degree of occurrence and their severity on the performance (time and 
cost) of construction projects. The most important causes will be discussed.  
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Degree of occurrence of construction process related causes  
Table 4.12 presents the degree of occurrence of construction process related causes 
and their ranks  according to relative important index RII.  
Table 4.12: Degree of occurrence of construction process related causes  
Rework causes 
Degree of occurrence 
quoted by 175 
respondents* Score Mean SD RII% Rank 
Over
all 
rank 1 2 3 4 5 
Unclear work specification 11 23 48 55 38 611 3.5 1.32 69.8 1 21 
Inadequate pre-project 
planning 
0 39 41 70 25 606 3.5 0.98 69.2 2 22 
Schedule pressures 11 23 54 57 30 597 3.4 1.23 68.2 3 27 
Non-compliance with 
specification 
17 25 41 53 39 597 3.4 1.56 68.2 3 27 
Rigidity to improvement 2 40 52 50 31 593 3.4 1.12 67.8 5 29 
Late designer input 2 33 65 53 22 585 3.3 0.92 66.8 6 36 
Inadequate supervision 10 18 76 47 24 582 3.3 1.04 66.6 7 37 
Failure to implement 
Quality management 
practices 
7 38 54 44 32 581 3.3 1.26 66.4 8 39 
Lack of Audit and control 7 40 54 43 31 576 3.3 1.26 65.8 9 42 
Constructability problems 15 21 64 54 21 570 3.3 1.19 65.2 10 45 
Absence of clear  uniform 
standard to accept work 
11 44 48 36 36 567 3.2 1.47 64.8 11 47 
Poor  project document 12 35 66 47 15 543 3.1 1.08 62 12 51 
Note: * 1- never occurred; 2- neutral occurred; 3- sometimes occurred; 4- usually occurred; 5- always occurred 
Results clarified with RII of 69.8%, the surveyed respondents ranked “Schedule 
pressures” as the first rework causes related to construction. This cause was further 
ranked 21
st
 among the 58 causes surveyed. Such schedule pressures have contributed 
to increase stress among project workers and staffs, unnecessary costs, increased 
errors, and misunderstandings, which have significant effect rework incident's 
occurrence. This outcome corroborates the finding of Love et al. (2000), who clarified 
that schedule pressure is one of most significant factors that lead to errors, omissions 
and rework. Fayek et al. (2003) identified to rework causes due to construction 
planning and schedule, they ranked unrealistic schedules as first one.  
“Unclear work specification” with RII of 69.2%, was ranked second in this group, 
and 22
nd
 among all explored causes. As rework happened due to doing work 
incorrectly in first time, and specifications are the written guidelines which contain 
statements concerning all project requirements such as materials, workmanship, and 
operating characteristics. Unclear work specification may cause misunderstanding and 
errors when doing work in first time. This result agreed with Fayek et al. (2003) who 
identified unclear instructions and specification as a significant rework causes. This 
outcome was supported by Clough et al. (2005) and Love and Sohal (2003), who 
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stated that rework may incur if the work specification is incomplete, inappropriate, 
unclear or conflicting. 
The surveyed respondents ranked “Non-compliance with specification” and 
“Inadequate pre-project planning” as third rework causes related to construction 
process with RII of 68.2%. This causes were ranked as 27
th
 among the 58 surveyed 
causes. This study agreed with Simpeh, (2012) who indicated that inadequate pre-
project planning and pressures for completion increased errors and defects, besides 
that poor workmanship which may arise as a result of excessive workload. Also, a 
disturbance in personnel planning occurs when staff is reallocated, all that may cause 
failure to provide protection to works, which increase the chance of occurring rework 
in the project which will sever its cost and time. All parties agreed on rework events, 
which happened because “non-compliance in specification” usually occur, but they 
differentiated in specifying the cause of it, where consultants indicated that 
contractors didn‘t compliance with specifications and on the other side contractors 
indicated that specifications were not clear. This result agreed with Alwi, et al., (1999; 
2001); Josephson et al., (2002); Fayek et al., (2003); Love and Sohal (2003); Clough 
et al., (2005) results. Josephson et al., (2002) in their study to illustrative 
benchmarking rework and rework costs in Swedish construction industry indicated 
that noncompliance with specifications, was a significant factor that contributes to 
rework.  
Test of agreement among respondents 
Table 4.13: Kruskall-Wallas test according to construction process rework causes 

















Client 40 77.38 
2.303 0.32 
Consultant 47 91.57 
Contractor 88 90.92 
Total 175 
 
Table 4.13 shows the probability of  significance is 0.32 more than 0.05, this mean 
there is statistical agreement between mean ranks of type of organization according to 
degree of occurrence of rework causes related to construction process in construction 
project in Gaza Strip. 
Impact on project performance of construction process related causes  
Table 4.14  presents the descriptive statistics, findings of the perceived importance 
and ranks of causes classified under the construction process group upon inspecting 
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impact of each cause on project performance (cost & time), it can be noticed that all 
of them have significant impact on project performance. 
Table 4.14: Construction process related causes impact on project performance. 
Rework causes 
Degree of severity on 
project performance 
quoted by 175 
Respondents* 




1 2 3 4 5 
Schedule pressures 3 10 37 51 74 708 1.02 4.0 81 1 4 
Inadequate supervision 0 10 71 63 31 640 0.69 3.7 73.2 2 23 
Lack of Audit and control 8 8 57 64 38 641 1.02 3.7 73.2 2 23 
Unclear work specification 6 26 38 61 44 636 1.24 3.6 72.6 4 29 
Late designer input 3 13 79 31 49 635 1.04 3.6 72.6 5 30 
Failure to implement 
Quality management 
practices 
2 14 72 55 32 626 0.84 3.6 71.6 6 34 
Non-compliance with 
specification 
4 41 37 40 53 622 1.46 3.6 71 7 38 
Inadequate pre-project 
planning 
15 9 55 67 29 611 1.2 3.5 69.8 8 41 
Rigidity to improvement 10 15 58 68 24 606 1.04 3.5 69.2 9 42 
Poor  project document 12 10 88 33 32 588 1.12 3.4 67.2 10 49 
Absence of clear  uniform 
standard to accept work 
12 32 63 36 32 569 1.33 3.3 65 11 53 
Constructability problems 13 35 61 57 9 539 1.02 3.1 61.6 12 56 
Note: * 1- not severe; 2- slightly severe; 3- severe; 4- very severe; 5- extremely severe 
“Schedule pressure" was ranked first rework cause related to construction process 
that extremely severe on project performance with RII of 81% and fourth among all 
causes explored. Such poor management practices increase errors, and rework 
incidents, which have significant effect on project performance. This result is in 
agreement with the findings of Love et al. (1999a); Fayek et al. (2003); Love and 
Edwards (2004a); Love et al., (2004). This study agreed with Fayek et al. (2003) who 
ranked the schedule pressures as the fourth rework causes that contribute in rework 
cost. 
Respondents considered that “Inadequate supervision” and “Lack of audit and 
control” in the work field which cause rework events usually severe project cost and 
time with relative importance index of RII73.2%. They ranked them as second rework 
causes related to construction process according to their impact on project 
performance, and they ranked it as 23
rd
 among all explored causes. The quality of site 
supervision has a major influence on the overall performance and efficiency of 
construction projects. Inadequate supervision is believed to be one of the major causes 
of rework. Therefore, experienced and well-trained supervisors have an important role 
in minimizing the amount of rework due to construction defects. This outcome 
corroborates the finding of Palaneeswaran (2006) who indicated that inadequate 
Chapter 4                                                                                  Results and discussion 
   117 
supervision is one of the major causes of rework. Alwi et al. (2001) stated in a study 
to determine the effect of quality supervision on rework that the quality of site 
supervision has a major influence on the overall performance and efficiency of 
construction projects. Simpeh, (2012) ranked “Inadequate supervision” as the third 
rework causes that sever the project cost. 
Test of agreement among respondents 




















Client 40 87.62 
2.054 0. 358 
Consultant 47 79.59 
Contractor 88 92.66 
Total 175 
 
Table 4.15 shows the probability of  significance is 0.358 more than 0.05, this mean 
there is statistical agreement between mean ranks of type of organization according to 
impact on project performance of rework causes related to construction process in 
construction project in Gaza Strip. 
Relationship between construction process rework causes degree of occurrence and 
their impact on project performance 









Relationship between degree of occurrence and 
impact on project performance among 
construction process rework causes group 
   * Correlation is significant at the 0.05 level 
Table 4.16 shows that there is a statistically significant relationship between degree of 
occurrence and impact on project performance among construction process rework 
causes group. This relationship estimated at 55% as R
2
 = 0.553 with degree of 
significant 0.0001 which is much lower than 0.05. This can confirm when the degree 
of occurrence of construction process rework causes increase, their impact on project 
performance increase consequently.   
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4.2.3.3 Rework causes related to materials and equipment supply in 
construction project in Gaza Strip 
According to results in Table 4.6, rework causes related to materials and equipment 
supply was ranked as the fourth group according to the degree of occurrence causes, 
which usually occur with relative importance index RII 69%. And it has severity on 
project performance as the sixth group where rework events, which are occurred 
because of it very severe on project performance with relative importance index RII 
71%.  This group was categorized by Fayek et al., (2003); Josephson et al., (2002). 
Fayek et al., (2003) indicated that materials and equipment supply rework causes 
category to contribute about 15% of rework cost.  
A list of 7 rework causes to materials, and equipment supply was adopted from 
literature and modified according to the pilot study. The most important causes will be 
discussed.  
Degree of occurrence of materials and equipment supply related causes  
Table 4.17 presents the degree of occurrence of materials and equipment supply 
related causes and their ranks  according to relative important index RII.  
Table 4.17: Degree of occurrence of materials and equipment supply related causes.  
Rework causes 
Degree of occurrence 
quoted by 175 
respondents* Score Mean SD RII% Rank 
Over
all 
rank 1 2 3 4 5 
Emergency conditions 
(siege and closures) 
4 18 38 33 82 696 4.0 1.3 79.6 1 2 
Adulterated Materials 6 18 56 42 53 643 3.7 1.24 73.4 2 8 
Pre-Fabrication not to 
project requirement 
9 33 36 64 33 604 3.5 1.31 69 3 25 
Non-compliance with 
specification 
9 39 32 66 29 592 3.4 1.32 67.6 4 32 
Materials not in right place 
when needed 
15 15 69 52 24 580 3.3 1.18 66.2 5 40 
Invalidity of needed tests 15 37 47 38 38 572 3.3 1.57 65.4 6 44 
Untimely deliveries 9 40 54 51 21 560 3.2 1.17 64 7 48 
Note: * 1- never occurred; 2- neutral occurred; 3- sometimes occurred; 4- usually occurred; 5- always occurred 
Results clarified with RII of 79.6%, the surveyed respondents ranked “Emergency 
conditions (siege and closures),” as the first rework causes related to materials and 
equipment supply. This cause was further ranked second among the 58 causes 
surveyed. Unfortunately Palestine in general and Gaza Strip, in particular, depends 
fully on the import of raw materials of construction industry (steel, cement and 
gravels). During any conflict or disputes between Gaza Strip and Israel's occupation, 
Israel‘s enforced a siege on the Occupied Territories (Gaza Strip and West Bank), 
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resulting in intense economic, social, and political strangulation (Euro-mid, 2013). 
The construction sector was hard hit in 2007, until now, due to the prohibition on 
import of needed construction materials, including cement, steel rods, and aggregates. 
It's very hard to inter these materials to Gaza strip (Al Wehaidy, 2012; OCHA, 2013). 
Because this difficult situation, getting  required materials in same specifications and 
on time is difficult in Gaza Strip. This outcome in agreement with Fayek et al. (2003) 
classifications that identified four possible causes of rework due to material and 
equipment supply: Untimely deliveries, Non-compliance with specification, Materials 
not in right place when needed, Pre-Fabrication to project requirement. Where all 
previous four causes are subsequences of  emergency conditions (siege and closures).  
The results indicated that “Adulterated Materials” was the second causes related to 
materials and equipment supply where rework according to this causes usually 
occurred in the field with relative importance index of RII about 73.4%, and it was 
ranked as eighth cause among all explored causes. To increase margin of profits, 
suppliers or contractors attempt to implement work with adulterated materials, which 
usually be under the contract qualifications and specifications. When qualified 
supervisors from owner or consultant party discovered this attempts to fraud by 
observations or by tests, they rejected the implemented work and concentrated on 
repeating it again correctly, which, consequently, lead to rework. This result agreed 
with Josephson et al. (2002) who indicated that fault in material is one of major 
causes of rework. 
Test of agreement among respondents 
Table 4.18:  Kruskall-Wallas test according to materials and equipment supply rework 
















Client 40 68.98 
9.425 0.009 
Consultant 47 102.18 
Contractor 88 89.07 
Total 175  
Table 4.18 shows the probability of  significance is 0.009 less than 0.05, this mean 
there are statistical differences between mean ranks of  type of organization to the 
consultant group according to the degree of occurrence of rework causes related to 
materials and equipment supply in the construction project in Gaza Strip. 
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Impact on project performance of materials and equipment supply related causes  
Table 4.19  presents the descriptive statistics, findings of the perceived importance 
and ranks of causes classified under the materials and equipment supply group upon 
inspecting impact of each cause on project performance (cost & time), it can be 
noticed that all of them have a significant impact on project performance. 
Table 4.19: Materials and equipment supply related causes impact on project 
performance. 
Rework causes 
Degree of severity on 
project performance 
quoted by 175 
Respondents* 




1 2 3 4 5 
Emergency conditions 
(siege and closures) 
4 0 65 45 61 684 0.92 3.9 78.2 1 8 
Adulterated Materials 3 11 53 44 64 680 1.06 3.9 77.8 2 11 
Invalidity of needed tests 9 7 68 56 35 626 1.03 3.6 71.6 3 35 
Pre-Fabrication not to 
project requirement 
17 11 59 57 31 599 1.31 3.4 68.4 4 47 
Non-compliance with 
specification 
12 16 68 53 26 590 1.12 3.4 67.4 5 48 
Materials not in right place 
when needed 
8 35 44 65 23 585 1.16 3.3 66.8 6 50 
Untimely deliveries 5 38 72 26 34 571 1.19 3.3 65.2 7 52 
Note: * 1- not severe; 2- slightly severe; 3- severe; 4- very severe; 5- extremely severe 
The results illustrated that “Emergency conditions ( (siege and closures)," was very 
severe on project performance. Respondents gave it relative importance index of RII 
about 78.2% and ranked it as first martial supplying related causes, and the eighth 
cause among the 58 causes surveyed. As explained before because complex situation, 
getting  required materials in same specifications and on time is difficult in Gaza 
Strip. For example, in a construction hospital project, it was required a special air 
conditioner. The contractor imported this system from one of European countries. The 
system late four months and when it arrived, it weren't compliance with 
specifications. Consultant didn‘t accept it. A lot of modifications to the system were 
required, in addition to that number of rework events in connections and fringes of the 
system were done. Besides that because of blockage situation sometimes materials 
which less qualities were used and that increase the percentage of rework. This result 
was supported by Enshassi et al. (2007) who identified 45 factors that negatively 
affect construction labor productivity and performance in Gaza Strip. The first factor 
was a material shortage. Furthermore, this result was in line with Josephson et al., 
(2002) who indicated in their study to illustrative benchmarking rework and rework 
costs in Swedish construction industry that noncompliance with specifications and 
untimely deliveries, either too late or too early, is a factor that contributes to rework. 
Among the material-related causes of rework, lack of material delivery was ranked 
the first. This result was supported by Gündüz et al (2013) who studied the effects on 
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delay on Turkey construction project and concluded, rework due to errors and late 
delivery of material, are major causes of delay.  
“Adulterated material" was ranked as second causes related to materials, which cause 
rework events that usually severe project performance with relative important index 
77.8 %, and it was ranked as an eleventh cause among all explored causes. When 
attempts to fraud were discovered and rejected, repeat work correctly will be 
demanded, this, consequently, leads to rework. Which affect project performance 
negatively. This result agreed with Josephson et al. (2002) who indicated that faults in 
material cause 18% of rework cost. 
Test of agreement among respondents 



















Client 40 89.70 
2.225 0. 329 
Consultant 47 78.80 
Contractor 88 92.14 
Total 175 
 
Table 4.20 shows the probability of  significance is 0.329 more than 0.05, this mean 
there is statistical agreement between mean ranks of type of organization according to 
impact on project performance of rework causes related to materials supply in the 
construction project in Gaza Strip. 
Relationship between materials and equipment supply causes the degree of 
occurrence and their impact on project performance. 
To examine the relationship between the degree of occurrence and impact on project 
performance of materials and equipment supply rework causes in construction 
projects in Gaza strip. Non-parametric Spearman correlation test was used at 5% 
significant level is shown in Table 4.21. 





0.000 0. 406* 
Relationship between degree of occurrence and impact 
on project performance among materials supply 
rework causes group 
   * Correlation is significant at the 0.05 level 
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Table 4.21 shows that there is a statistically significant relationship between the 
degree of occurrence and impact on the project performance among materials supply 
rework causes group.  This relationship estimated at 41% as R
2
 = 0.406 with a degree 
of significant 0.0001, which is much lower than 0.05. This can confirm when the 
degree of occurrence of materials supply rework causes increase, their impact on the 
project performance increase consequently.    
 
4.2.3.4 Rework causes related to the owner in the construction project in 
Gaza Strip. 
According to results in Table 4.6, rework causes related to the owner was ranked as 
the last group according to the degree of occurrence causes, which usually occur 
with relative importance index RII 67%. It has severity on project performance as 
the fifth group where rework events, which are occurred because of them very severe 
on project performance with relative importance index RII 73%. This group was 
categorized by Love et al. (1999a); Palaneeswaran (2006) and Simpeh, (2012).  
A list of 5 rework causes related to owner/ client were adopted from literature and 
pilot study. These causes were subjected to the views of respondents to  determine 
their degree of occurrence and their severity on the performance (time and cost) of 
construction projects. The most important causes will be discussed.  
Degree of occurrence of owner related causes  
Table 4.22 presents the degree of occurrence of owner related causes and their ranks  
according to relative important index RII.  
Table 4.22: Degree of occurrence of owner related causes  
Rework causes 
Degree of occurrence 
quoted by 175 
respondents* Score Mean SD RII% Rank 
Over
all 
rank 1 2 3 4 5 
Lack of funding allocated 
for consultation 
28 6 49 55 37 592 3.4 1.69 67.6 1 33 
Lack of funding allocated 
for site investigation 
21 10 67 38 39 589 3.4 1.51 67.4 2 34 
Inadequate briefing 9 35 51 50 30 582 3.3 1.27 66.6 3 38 
Changes because of change 
in officials 
11 32 49 57 26 580 3.3 1.26 66.2 4 41 
Lack of knowledge of 
construction process 
15 30 46 58 26 575 3.3 1.36 65.8 5 43 
Note: * 1- never occurred; 2- neutral occurred; 3- sometimes occurred; 4- usually occurred; 5- always occurred 
The surveyed respondents ranked “Lack of funding allocated for consultation” and 
“lack of the fund allocated for construction and site investigation” as the first and 
second rework causes related to the owner respectively. These causes were ranked 
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  among the 58 causes surveyed. When the fund that allocated by owner 
for the project is lower than demand, that leads to use lower qualified contractors, 
lower quality of materials and equipments, lower workers and staffs. This situation 
will be more able to errors, omissions and defects, where all of them will lead to 
rework consequently. This outcome corroborates the finding of  Palaneeswaran 
(2006) who indicated the lack of funding allocated for site investigation; and for 
construction, processes are main rework causes, which related to the owner.  
Test of agreement among respondents 
Table 4.23 shows the probability of  significance is 0.273 more than 0.05, this mean 
there is statistical agreement between mean ranks of type of according to degree of 
occurrence of rework causes related owner in construction project in Gaza Strip. 
















Client 40 76.71 
2.595 0.273 
Consultant 47 91.72 




Impact on project performance of owner related causes  
Table 4.24 presents the descriptive statistics, findings of the perceived importance and 
ranks of causes classified under the owner group upon inspecting impact of each 
cause on project performance (cost & time), it can be noticed that all of them have 
significant impact on project performance. 
Table 4.24: Owner related causes impact on project performance. 
Rework causes 
Degree of severity on 
project performance 
quoted by 175 
Respondents* 




1 2 3 4 5 
Inadequate briefing 0 25 39 63 48 659 1.01 3.8 75.4 1 19 
Lack of knowledge of 
construction process 
0 18 68 48 41 637 0.9 3.6 72.8 2 27 
Lack of funding allocated 
for site investigation 
14 0 53 77 31 636 1.07 3.6 72.6 3 31 
Changes because of change 
in officials 
12 8 54 67 34 628 1.13 3.6 71.8 4 33 
Lack of funding allocated 
for consultation 
20 4 37 82 32 627 1.34 3.6 71.6 5 36 
Note: * 1- not severe; 2- slightly severe; 3- severe; 4- very severe; 5- extremely severe 
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The results illustrated that “Inadequate briefing," was very severe on project 
performance. Respondents gave it relative importance index of RII about 75.4% and 
ranked it as first owner related causes, and the 19
th
 cause among the 58 causes 
surveyed. “Lack of knowledge of construction process” was ranked as second causes 
related to the owner which cause rework events that usually severe project 
performance with relative important index 72.8 %, and it was ranked as 27
th
  cause 
among all explored causes. “Lack of funding allocated for site investigation” was 
ranked as third causes related to owner which cause rework events that usually 
severe project performance with relative important index 72.6 %, and it was ranked 
as 31
st
  cause among all explored causes.  
These results are in line with Simpeh, (2012) who clarified that there was a 
significant correlation between client-related sources of rework and the impact of 
rework on project performance. In fact, this study agreed completely with 
Palaneeswaran (2006) who indicated that lack of knowledge of design and of the 
construction process; a lack of funding allocated for site investigation; a lack of 
client involvement throughout the project; inadequate briefing; poor communication 
with design consultants; and inadequacies in contract documentation are the main 
rework causes, which related to the owner.  
Test of agreement among respondents 


















Client 40 87.00 
0.98 0.613 
Consultant 47 82.51 
Contractor 88 91.39 
Total 175 
 
Table 4.25 shows the probability of  significance is 0.613 more than 0.05, this mean 
there is statistical agreement between mean ranks of type of organization according to 
impact on project performance of rework causes related to owner in construction 
project in Gaza Strip. 
Relationship between owner causes degree of occurrence and their impact on 
project performance 
Table 2.26 shows that there is a statistically significant relationship between degree of 
occurrence and impact on project performance among owner rework causes group.  
This relationship estimated at 56% as R
2
 = 0.558 with degree of significant 0.0001 
which is much lower than 0.05. This can confirm when the degree of occurrence of 
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owner rework causes increase, their impact on project performance increase 
consequently.    






Relationship between degree of occurrence and 
impact on project performance among owner 
rework causes group 
   * Correlation is significant at the 0.05 level 
 
4.2.3.5 Rework causes related to design in construction project in Gaza Strip 
According to results in Table 4.6 rework causes related to design was ranked as the 
fifth group according to the degree of occurrence causes, which usually occur with 
relative importance index RII 68%. And it has severity on project performance as the 
second group where rework events, which are occurred because of it very severe on 
project performance with relative importance index RII 75%. This group was 
categorized by Love et al. (1999a); Love and Edwards (2004a), Palaneeswaran 
(2006) and Simpeh, (2012).  A list of 7 rework causes related to design was adopted 
from literature and pilot study. These causes were subjected to the views of 
respondents to  determine their degree of occurrence and their severity on the 
performance (time and cost) of construction projects. The most important causes will 
be discussed.  
Degree of occurrence of design related causes  
Table 4.27 presents the degree of occurrence of design related causes and their ranks  
according to relative important index RII.  
Table 4.27: Degree of occurrence of design related causes  
Rework causes 
Degree of occurrence 
quoted by 175 
respondents* Score Mean SD RII% Rank 
Over
all 
rank 1 2 3 4 5 
Design errors and omission 0 32 35 76 32 633 3.6 0.97 72.4 1 10 
Competitive/  low design 
fees 
19 6 43 64 43 631 3.6 1.45 72.2 2 11 
lack of professionalism 8 30 41 55 41 616 3.5 1.34 70.4 3 18 
Incomplete design 10 21 49 62 33 612 3.5 1.21 70 4 19 
Incomplete  information 
for design 
16 33 26 66 34 594 3.4 1.55 67.8 5 30 
Poor  project document 15 39 63 34 24 538 3.1 1.3 61.4 6 52 
Inadequate procurement 
methods 
16 52 34 59 14 528 3.0 1.32 60.4 7 53 
Note: * 1- never occurred; 2- neutral occurred; 3- sometimes occurred; 4- usually occurred; 5- always occurred 
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The surveyed respondents ranked “Design errors and omission” as the first rework 
causes related to design with RII of 72.4%. This cause was further ranked tenth 
among the 58 causes surveyed. Design errors and omission in design have significant 
cause of rework, where Mastenbroek (2010) indicated that this cause is one of the first 
causes of rework. This result agreed with Love et al., (2000) who clarified that many 
factors may lead to errors and omissions in contract drawings, such as low design 
fees, and schedule pressures, which. Consequently, may cause rework. 
Respondents indicated that rework evens, which occurred because of “Competitive/  
low design fees”, was usually occurred, they ranked it as the second rework causes 
related to design with RII of 72.2%. This cause was further ranked eleventh among 
the 58 causes surveyed. “lack of professionalism” between designers cause rework 
with relative importance index of RII about 70.4%. It was ranked as third design 
causes, and 18
th
 among the 58 causes surveyed. “Incomplete design” was ranked as 
fourth design causes, and 19
th
 among the 58 causes surveyed, with RII 70%. These 
results are in line with Love, et al, (2010) who argued that lack of professionalism by 
design professionals due to reduced design fees can further result in inadequate 
contract documentation being produced. This also leads to rework and may in the long 
run emerge as a dispute and consequently tarnish the image of participants. A same 
result by Love and Edwards (2004b) who indicated that the lack of experience of the 
design team or when little time is allocated to contract documents will cause errors in 
the contract documents which will eventually result in rework. Additionally, poor 
coordination within the design process could contribute to the occurrences of service 
clashing, which could cause rework. 
Test of agreement among respondents 
















Client 40 80.76 
2.427 0.297 
Consultant 47 83.19 
Contractor 88 93.86 
Total 175  
Table 4.28 shows the probability of  significance is 0.297 more than 0.05, this mean 
there is statistical agreement between mean ranks of type of according to degree of 
occurrence of rework causes related design in construction project in Gaza Strip. 
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Impact on project performance of design related causes  
Table 4.29  presents the descriptive statistics, findings of the perceived importance 
and ranks of causes classified under the design group upon inspecting impact of each 
cause on project performance (cost & time), it can be noticed that all of them have 
significant impact on project performance. 
Table 4.29: Design related causes impact on project performance 
Rework causes 
Degree of severity on 
project performance 
quoted by 175 
Respondents* 




1 2 3 4 5 
Design errors and omission 2 2 57 72 42 675 0.69 3.9 77.2 1 13 
Incomplete information for 
design 
5 4 58 53 55 674 0.97 3.9 77 2 14 
Incomplete design 5 4 60 58 48 665 0.93 3.8 76 3 17 
lack of professionalism 4 7 67 40 57 664 1.03 3.8 75.8 4 18 
Inadequate procurement 
methods 
7 16 43 60 49 653 1.18 3.7 74.6 5 20 
Competitive/  low design 
fees 
9 20 48 46 52 637 1.36 3.6 72.8 6 28 
Poor  project document 9 19 63 52 32 604 1.14 3.5 69 7 43 
Note: * 1- not severe; 2- slightly severe; 3- severe; 4- very severe; 5- extremely severe 
The surveyed respondents ranked “Design errors and omission” as the first rework 
causes related to design with RII of 77.4%, that very severe on project performanc. 
This cause was further ranked 13
th
 among the 58 causes surveyed. Rework due to 
design errors and omission has a significant impact on project performance, rework in 
design increase project cost and time, in addition to that when work was implemented 
according to wrong design, rework will be demanded, this cost of rework will be 
greater. This result is in agreement with the findings of Love et al. (1999a) who 
indicated that on-site problem solving, because of design errors influence 
productivity, performance and production cost inversely, while rework act upon the 
production cost directly. 
“Incomplete information for design‖ was ranked second rework cause related to 
design that very severe on project performance with RII of 77% and 14
th
 among all 
causes explored. “Incomplete design” was ranked as third design causes, and 17th 
among the 58 causes surveyed, with RII 76%. “lack of professionalism” between 
designers cause rework with relative importance index of RII about 75.8%. It was 
ranked as fourth design causes, and 18
th
 among the 58 causes surveyed. These results 
agreed with Josephson et al. (2002) who suggested that there are some factors that 
may cause rework referring to design causes like incomplete designs, lack of 
professionalism and inadequate information for design, where these factors have a 
significant impact on project performance. These results are supported by Love et al., 
(2004) who indicated that when limited duration and inadequate information are 
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allocated to design tasks, the result could be insufficiently advanced contract 
documents, which will lead to rework. 
Test of agreement among respondents 
















Client 40 81.85 
6.410 0.041 
Consultant 47 75.73 
Contractor 88 97.35 
Total 175  
Table 4.30 shows the probability of  significance is 0.041 less than 0.05, this mean 
there is statistical differences between mean ranks of  type of organization for the 
contractor group according to impact on project performance of rework causes related 
to design in construction project in Gaza Strip. 
Relationship between design rework causes degree of occurrence and their impact 
on project performance 








Relationship between degree of occurrence and 
impact on project performance among design 
rework causes group 
   * Correlation is significant at the 0.05 level 
Table 4.31 shows that there is a statistically significant relationship between degree of 
occurrence and impact on project performance among Design rework causes group.  
This relationship estimated at 49% as R
2
 = 0.492 with degree of significant 0.0001 
which is much lower than 0.05. This can confirm when the degree of occurrence of 
design rework causes increase, their impact on project performance increase 
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4.2.3.6 Rework causes related to contractor in construction project in Gaza 
Strip 
According to results in Table 4.6 rework causes related to contractor was ranked as 
the first group according to the degree of occurrence causes, which usually occur with 
relative importance index RII 73%. And according to its severity on project 
performance as the first group too, where rework events, which are occurred because 
of it very severe on project performance with relative importance index RII 79%.  
This group was categorized by Love et al. (1999a); Love et al., (2004); Palaneeswaran 
(2006) and Simpeh, (2012). 
A list of 6 rework causes related to the contractor was adopted from literature and 
pilot study. These causes were subjected to the views of respondents to  determine 
their degree of occurrence and their severity on the performance (time and cost) of 
construction projects. The most important causes will be discussed.  
Degree of occurrence of contractor related causes  
Table 4.32 presents the degree of occurrence of contractor related causes and their 
ranks  according to relative important index RII.  
Table 4.32: Degree of occurrence of contractor related causes.  
Rework causes 
Degree of occurrence 
quoted by 175 
respondents* Score Mean SD RII% Rank 
Over
all 
rank 1 2 3 4 5 
Attempts to  fraud 10 18 29 40 78 683 3.9 1.53 78 1 3 
Unqualified technically 11 6 52 56 50 653 3.7 1.21 74.6 2 6 
Competitive pressure /  
low contract value 
7 23 41 53 51 643 3.7 1.31 73.4 3 9 
Financial weakness 
(Phantom cash flow) 
15 27 29 56 48 620 3.5 1.62 70.8 4 15 
Poor quality system 13 30 29 58 45 617 3.5 1.55 70.6 5 17 
Misreading of drawings 
and specifications 
19 22 32 76 26 593 3.4 1.44 67.8 6 31 
Note: * 1- never occurred; 2- neutral occurred; 3- sometimes occurred; 4- usually occurred; 5- always occurred 
Results clarified that surveyed respondents ranked “Attempts to fraud” as the first 
rework causes related to contractor. This cause was further ranked third among the 
58 causes surveyed, with RII 78%. The result highlighted one of the rework causes, 
which didn't mention in previous studies in the same field in clear vision, where all 
respondents agreed on that events which occur because attempts of contractors to 
fraud to increase their profit in an illegal way usually occur. This rework happen 
during implementation of the project when consultant or owners discover the fraud 
action, and they enforce contractors to rework correctly and pay for it, but in many 
times this fraud action can't be discovered at the project end, and that may cause 
defects and rework, which should be done by owner and project users.  
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 ―Unqualified technically” contractors was ranked as second rework cause related to 
contractor causes group according to degree of occurrence, and it was ranked as sixth 
among 58 explored causes, with RII 74.6%. It's a clear fact that unqualified 
technically contractors have chance to meet more percentage of rework in their 
projects than qualified one. Where the inability of many contractors to plan work, 
communicate with workers and direct activity adequately is fundamentally linked to 
increasing amounts of rework. This result supported by Simpeh, (2012) who clarified 
that project success is dependent on the effectiveness of the main contractor‘s 
construction planning efforts. This outcome is in a line with that Palaneeswaran, 
(2006) who indicated that unqualified contractor is believed to be one of the major 
causes of rework. Therefore, experienced and well-trained one has an important role 
in minimizing the amount of rework due to construction defects. 
The surveyed respondents ranked ―Competitive pressure/ low contract value”, as 
third rework cause related to contractor causes group according to degree of 
occurrence, and it was ranked as ninth among 58 explored causes, with RII 73.4%. 
This results agreed with Clough et al., (2005) who argued that low contract value 
because competitive pressure increase the chance of occurring rework, where low 
contract value will encourage contractors to use less qualified materials and workers, 
and may enforce him to look for profit by illegal way.  
Test of agreement among respondents 
















Client 40 65.86 
11.927 0.003 
Consultant 47 102.86 
Contractor 88 90.12 
Total 175  
Table 4.33 shows the probability of  significance is 0.003 less than 0.05, this mean 
there is statistical differences between mean ranks of type of organization for the 
consultant group according to degree of occurrence of rework causes related to 
contractor in construction project in Gaza Strip. 
 
Impact on project performance of contactor related causes  
Table 4.34 presents the descriptive statistics, findings of the perceived importance and 
ranks of causes classified under the contractor rework causes group upon inspecting 
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impact of each cause on project performance (cost & time), it can be noticed that all 
of them have significant impact on project performance. 
Table 4.34: Contractor related causes impact on project performance. 
Rework causes 
Degree of severity on 
project performance 
quoted by 175 
Respondents* 




1 2 3 4 5 
Attempts to  fraud 8 2 28 37 100 744 1.13 4.3 85 1 1 
Competitive pressure /  
low contract value 
0 0 56 41 78 722 0.75 4.1 82.6 2 2 
Unqualified technically 5 2 52 53 63 692 0.96 4.0 79 3 6 
Poor quality system 3 7 53 52 60 684 0.95 3.9 78.2 4 9 
Financial weakness 
(Phantom cash flow) 
13 6 53 29 74 670 1.5 3.8 76.6 5 15 
Misreading of drawings 
and specifications 
5 15 67 37 51 639 1.15 3.7 73 6 26 
Note: * 1- not severe; 2- slightly severe; 3- severe; 4- very severe; 5- extremely severe 
The results indicated that “Attempts to  fraud” was ranked first rework cause related 
to contractor that extremely severe on project performance with RII of 85%. This 
cause was further ranked first among the 58 causes surveyed. Thus perceived to be the 
most significant rework cause has an impact on project performance in construction 
industry in Gaza Strip. This result is conformed with a study  by Olawale and Sun 
(2010) who identified causes of cost, and time overruns in construction projects. They 
found that project fraud and corruption severe project cost and time with relative 
important index about 55%. 
The surveyed respondents ranked ―Competitive pressure/ low contract value," as 
second rework cause related to the contractor causes group according to impact on 
project performance, and it was ranked as second among 58 explored causes, with RII 
82.6%. These results agree with Clough et al., (2005) who argued that low contract 
value will encourage contractors to use fewer qualified materials and workers, and 
may enforce him to look for profit by an illegal way. That will lead to increase project 
cost and time significantly.   
―Unqualified technically” contractor cause rework events usually severe project cost 
and time with relative importance index of RII 79%.  Respondents ranked it as third 
rework causes related to the contractor according to impact on project performance, 
and they ranked it as the sixth among all explored causes. Where the inability of many 
contractors to plan work, communicate with workers and direct activity adequately is 
fundamentally linked to increasing amounts and costs of rework this result supported 
by Palaneeswaran, (2006) who indicated that the quality of site supervision and 
technical ability of contractors has a major influence on the overall performance and 
efficiency of construction projects.  
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Respondents considered that “Poor-quality quality system” cause rework events 
usually severe project cost and time with relative importance index of RII 78.2%. 
They ranked it as fourth rework causes related to the contractor group, and they 
ranked it as ninth among all explored causes. This outcome corroborates the finding 
of Cusack (1992) who stressed that projects without a quality system in place 
typically experience a 10% cost increase because of rework.  
Test of agreement among respondents 
















Client 40 69.35 
7.173 0.028 
Consultant 47 95.01 
Contractor 88 92.73 
Total 175  
Table 4.35 shows the probability of  significance is 0.028 less than 0.05, this mean 
there is statistical differences between mean ranks of  type of organization for the 
consultant group according to impact on project performance of rework causes related 
to contractor in construction project in Gaza Strip. 
Relationship between contractor rework causes degree of occurrence and their 
impact on project performance 







0.000 0. 773* 
Relationship between degree of occurrence and 
impact on project performance among contractor 
rework causes group 
   * Correlation is significant at the 0.05 level 
Table 4.36 shows that there is a statistically significant relationship between degree of 
occurrence and impact on project performance among contractor rework causes group.  
This relationship estimated at 77% as R
2
 = 0.773 with degree of significant 0.0001 
which is much lower than 0.05. This can confirm when the degree of occurrence of 
contractor rework causes increase, their impact on project performance increase 
consequently.    
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4.2.3.7 Rework causes related to external environment in construction project 
in Gaza Strip 
According to results in Table 4.6 rework causes related to external environment was 
ranked as the third group according to the degree of occurrence causes, which usually 
occur with relative importance index RII 70%. And according to its severity on 
project performance as the third group too, where rework events, which are occurred 
because of it very severe on project performance with relative importance index RII 
74%.  Number of causes of this group were mentioned by Love et al., (1999a); Love 
et al., (2009), Love et al., (2010), and Mastenbroek, (2010). But to be clear throughout 
this study it's a new trial to categorize this group.  
A list of 8 rework causes related to external environment was adopted from literature 
and pilot study. These causes were subjected to the views of respondents to  
determine their degree of occurrence and their severity on the performance (time and 
cost) of construction projects. The most important causes will be discussed.  
Degree of occurrence of external environment related causes  
Table 4.37 presents the degree of occurrence of external environment related causes 
and their ranks  according to relative important index RII.  
Table 4.37: Degree of occurrence of external environment related causes. 
Rework causes 
Degree of occurrence 
quoted by 175 
respondents* Score Mean SD RII% Rank 
Over
all 
rank 1 2 3 4 5 
Political situation (Siege- 
conflicts) 
5 23 62 31 54 631 3.6 1.29 72.2 1 12 
Economy (Inflation, 
exchange rates, market ) 
6 14 63 71 21 612 3.5 0.86 70 2 20 
Government (Regulations, 
taxes. Interest rates) 
12 34 65 47 17 548 3.1 1.11 62.6 3 50 
Acts of God/Force Major 
(Weather, disaster) 




21 52 35 54 13 511 2.9 1.38 58.4 5 55 
Inadequate  local education 
(Collectors - craftsman - 
technical) 
23 57 33 48 14 498 2.8 1.42 57 6 56 
Social (Changing social 
environment, resistances( 
42 11 76 33 13 489 2.8 1.47 55.8 7 57 
Technological (techniques, 
facilities, machines) 
28 47 56 36 8 474 2.7 1.21 54.2 8 58 
Note: * 1- never occurred; 2- neutral occurred; 3- sometimes occurred; 4- usually occurred; 5- always occurred 
The surveyed respondents ranked “Political situation (Siege- conflicts)” as the first 
rework causes related to external environment causes group. This cause was further 
ranked 12
th
 among the 58 causes surveyed, with relative important index RII 72.2%. 
The current political Palestinian division has created a situation in the Palestinian 
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political system that may have not existed throughout the world for that matter. In the 
summer of 2007, a policy of the full blockade was imposed by Israel on the Gaza 
Strip. The effect of the partial closure policy imposed by Israel during the second 
Palestinian Intifada as a means of collective punishment.  This result may be satisfied 
by Al Wehaidy (2012), OCHA, (2013) and Euromid (2013) reports and studies, which 
indicated that the sectors most affected by the closure were the construction sector 
which received the greatest impact reflected by a decrease by 72.99%, Likewise, 
employment in the construction sector decreased from 15.7% to 4.6%, The 
construction sector was also hard hit in 2007 due to the prohibition on import of 
needed construction materials, including cement, steel rods, and aggregates.  
Test of agreement among respondents 


















Client 40 88.65 
0.222 0.895 
Consultant 47 90.55 
Contractor 88 86.34 
Total 175  
Table 4.38 shows the probability of  significance is 0.895 more than 0.05, this mean 
there is statistical agreement between mean ranks of type of according to degree of 
occurrence of rework causes related external environment in construction project in 
Gaza Strip. 
 
Impact on project performance of external environment related causes  
Table 4.39  presents the descriptive statistics, findings of the perceived importance 
and ranks of causes classified under the external environment group upon inspecting 
impact of each cause on project performance (cost & time), it can be noticed that all 
of them have significant impact on project performance. 
Table 4.39: External environment related causes impact on project performance. 
Rework causes 
Degree of severity on 
project performance 
quoted by 175 
Respondents* 




1 2 3 4 5 
Political situation (Siege- 
conflicts) 
21 8 36 45 65 650 1.76 3.7 74.2 1 22 
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Table 4.39: (continued) 
Rework causes 
Degree of severity on 
project performance 
quoted by 175 
Respondents* 




1 2 3 4 5 
Economy (Inflation, 
exchange rates, market ) 




23 15 50 34 53 604 1.81 3.5 69 3 45 
Government (Regulations, 
taxes. Interest rates) 
12 19 70 48 26 582 1.15 3.3 66.6 4 51 
Inadequate  local education 
(Collectors - craftsman - 
technical) 
23 7 83 43 19 553 1.22 3.2 63.2 5 54 
Acts of God/Force Major 
(Weather, disaster) 
20 29 59 37 30 553 1.49 3.2 63.2 6 55 
Technological (techniques, 
facilities, machines) 
22 47 66 30 10 484 1.12 2.8 55.4 7 57 
Social (Changing social 
environment, resistances) 
40 34 52 36 13 473 1.52 2.7 54 8 58 
Note: * 1- not severe; 2- slightly severe; 3- severe; 4- very severe; 5- extremely severe 
Respondents considered that political situation (Siege- conflicts)” was ranked first 
rework cause related to external environment that very severe on project performance 
with RII of 74.2% and 22
nd
 among all causes explored. This result largely conforms 
with Omran et al. (2012) findings that indicated that external environment factors are 
factors that influence beyond the control for the project performance. They 
determined three factors under external environment that influence the performance of 
construction projects in construction industry. Economic environment factors (RII= 
.83) is in the first ranking, political environment (RII= .79) at the second rank and the 
third ranked was social environment (RII= .71). This study agreed with Dr Peter love 
who indicated in a number his researches that rework may be caused by changes in 
external environment, which can't be under project management control. This claim 
was supported by Mastenbroek, (2010) who indicated that construction rework may 
be caused by weather conditions, natural disasters  or changes in external 
environment. and he found a significant cost of rework, which was caused by external 
environment.  
Test of agreement among respondents 
Table 4.40 shows the probability of  significance is 0.182 more than 0.05, this mean 
there is statistical agreement between mean ranks of type of organization according to 
impact on project performance of rework causes related to external environment in 
construction project in Gaza Strip. 
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Client 40 98.21 
3.405 0.182 
Consultant 47 78.24 
Contractor 88 88.57 
Total 175  
 
Relationship between external environment rework causes degree of occurrence 
and their impact on project performance 
Table 4.41: Non-parametric "Spearman test" among external environment rework 








Relationship between degree of occurrence and 
impact on project performance among external 
environment rework causes group 
   * Correlation is significant at the 0.05 level 
Table 4.41 shows that there is a statistically significant relationship between degree of 
occurrence and impact on project performance among external environment rework 
causes group.  This relationship estimated at 62% as R2 = 0.616 with degree of 
significant 0.0001 which is much lower than 0.05. This can confirm when the degree 
of occurrence of external environment rework causes increase, their impact on project 
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4.2.4 Section IV: Measure to reduce rework in construction projects in Gaza 
Strip. 
This section of questionnaire  was designed to achieve the fourth objective of this 
study which is " To determine the measures for reducing the occurrence of rework in 
construction projects ".  
The researcher investigated 22 main measures to reduce rework in construction 
projects, which were mentioned in previous studies in addition to added measures by 
the researcher in all projects implementing phases. This measures has been agreed 
upon with the experts and pilot study. 
According to using a five-point Likert scale the RII% (Relative Importance Index) can 
describe to what extent each measure can contribute to reduce rework in construction 
project (the effectiveness) as (0- 19%) very ineffective; (20%- 39%) ineffective; 
(40%-59%) sometimes effective; (60%-79%) effective and (80%-100%) very 
effective (Wikipedia, 2014). 
Table 4.42 shows all respondents view about main measures to reduce rework in 
construction projects in Gaza Strip, and it is ranked according to its important index 
RII. The results indicated that all listed 22 measures are significantly effective to 
reduce rework in construction projects in Gaza Strip, where it's important index, RII 
ranged between 75% to 90%. 
The results indicated that “Sufficient and capable human resources” were ranked as 
first measure of rework reduction. All respondents indicated that existing sufficient 
and capable human resources are the very effective measure to reduce rework in 
construction projects in Gaza Strip, with relative important index RII 90%. This result 
agreed in a very large extent with the Zero Field Rework Self-Assessment 
Opportunity Checklist tool, which developed by CII Research Team 203 to assist in 
identifying areas for improvement to further strengthen a site construction quality 
process of the journey to zero fields rework (CII, 2005). CII (2005) focused primarily 
on the aspect of human performance and takes a behavior-based approach to 
minimizing rework on a project. Sufficient and capable human resources were ranked 
as second rework reduction tool by CII (2005). 
The second measure to reduce rework from respondents view was “Teamwork 
effectiveness," with relative important index RII 89.4%. As the nature of work of a 
construction project, it is a teamwork industry, so  that there is a high correlation 
between the effectiveness team and effectiveness performance in these projects, and 
certainly reducing to reworks is a main factor in effective project performance. This 
outcome agreed with CII, (2005) results, which illustrated that teamwork 
effectiveness is one of the main approaches to minimizing rework on a project. 
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The surveyed respondents indicated that “Strong qualified supervision” is an 
effective measure for reducing rework. They ranked it as third measure, with relative 
RII 89%. This result is in line with Alwi et al. (1999) results, which indicated that 
inexperienced supervisors and lack of skilled labor are the major causes of rework. 
Therefore, experienced and well-trained supervisors have an important role in 
minimizing the amount of rework due to construction defects. This result was 
supported by Palaneswaran, (2006) who indicated that sufficient managerial skills of 
supervision will decrease rework in the project significantly. 
The results indicated that ―Continuous evaluation before and during work‖ is an 
effective measure for reducing rework. It was ranked as fourth measure, with relative 
RII 88.8%. This is a realistic outcome, as this tool enables project parties to detect the 
error or defects in early stages, which can be corrected with less rework cost and time. 
This outcome is supported by Basbeth (2014) who indicated that when applying 
continuous evaluation before and during work, the variation from specification was a 
minimum which, consequently, leads to be minimum rework.    
“Supplier prequalification” is a very effective measure to reduce rework with relative 
important index RII 87.8%, where it was ranked as the fifth measure. Where rework 
due to material and equipment supply: Untimely deliveries, Non-compliance with 
specification, Materials not in right place when needed, Pre-Fabrication to project 
requirement has a significant impact on project performance. When suppliers were 
trusted and qualified all previous causes will be minimized so that rework will be 
reduced too. This result agreed with Josephson et al. (2002) results, which indicated 
that depending on qualified suppliers will reduce rework due to noncompliance with 
specification's materials and untimely deliveries.   
“Strict resistance against  cheating (fraud fighting)” is a very effective measure to 
reduce rework, respondents gave it a relative important index RII 87%, where it was 
ranked as the sixth measure. As illustrated in this thesis before rework because 
attempt to fraud was ranked as first rework cause according to the degree of severity 
on project performance, so that its justified matter to make a strict resistance against  
cheating (fraud fighting). Certainly, there will be a direct correlation between the 
fighting against fraud and reduce rework. In fact, this can be achieved by making 
strict regulations and strong supervision, but it remains important to strengthen 
personnel internal ethics. Where the respondents to this survey indicated that it's an 
effective rework reduction technique by “Strengthen personnel internal ethics” and 
satisfying “Job security," security”, with an important index RII about 78.2% and 
77.2%, where it was ranked as seventeenth and eighteenth measure respectively. It's 
worth mentioning  that as surveyed respondents indicated that absence of job security 
is the most significant rework cause according to the degree of occurrence in 
construction industry in Gaza Strip. These lead to less loyalty to employers between 
workers. This result agreed with  Chan (2002), Sageer et al. (2012) and Thwala et al. 
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(2012), who indicated that in construction industry, there is serious relationship 
between job security, job satisfaction and project performance.   
The seventh measure was “Effective Leadership," respondents gave this measure 
relative important index RII 85.2%. Respondents gave “Effective Communication” a 
relative important index RII 84% where it was ranked as the tenth measure. Poor 
leadership and communication and ineffective decision-making are main causes 
rework. This result agreed with Love et al. (2009) and Fayek et al. (2003) who 
identified that effective leadership, and communications are effective techniques to 
minimize rework and improve performance in construction projects.  
The surveyed respondents indicated that “Using lean construction improvement," is a 
very effective technique to reduce rework in construction projects in Gaza Strip. They 
ranked it as eighth measure, with RII 85%. This result agreed with Basbeth (2014) 
who indicated that when the New Australian Embassy in Jakarta (AEJ) implemented 
the construction  lean improvement program for the project. for six months the results 
have seen the non-conformance reports reduce by 57%.  
Respondents gave “Quality/rework auditing” and “Effective planning and 
scheduling” a relative important index RII 84.2% where it were ranked as the ninth 
measure. This outcome was supported by Wasfy (2010), COAA, (2006) and CII, 
(2005), where they indicated that these factors are essential for reducing rework.  
“Qualified Contractor” and “Project documentations" were ranked as the eleventh 
measure to reduce rework events, which occurred in construction projects in Gaza 
Strip, with relative important index RII about 82.8%. This result was supported by 
Fayek et al. (2003) who identified that poor document control is one of the main 
rework causes. In addition to that, respondents indicated that it's very effective to 
reduce rework by using “Qualified Consultant," with an important index RII 80.4%, 
where it was ranked as a fourteenth measure. This study concluded that availability of 
qualified consultant, qualified contractor in addition to ensuring supplier qualification 
per supplying under suitable and enough owner involvement throughout the 
construction project under effective teamwork environment will contribute to reduce 
rework effectively. This result is supported by COAA (2006), Zhang (2009), 
Mastenbroek (2010), Meshksarr (2012) and Taggar et al. (2013).  
Respondents thank that “Employee involvement” is a very effective measure to 
reduce rework with relative important index RII 82.2%, where it was ranked as the 
twelve measure. This result agreed with CII (2005) which included that employee 
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Table 4.42: Measures to reduce rework 
Measure to reduce 
rework 
Owner Consultant Contractor All parties 




4.45 89 4 4.38 87.6 6 4.58 91.6 1 4.5 90 1 
Teamwork 
effectiveness 
4.58 91.6 1 4.4 88 5 4.45 89 3 4.47 89.4 2 
Strong qualified 
supervision 
4.38 87.6 6 4.45 89 3 4.49 89.8 2 4.45 89 3 
Continuous 
evaluation before 
and during work 
4.48 89.6 3 4.57 91.4 1 4.35 87 5 4.44 88.8 4 
Supplier 
prequalification 
4.35 87 7 4.49 89.8 2 4.36 87.2 4 4.39 87.8 5 
Strict resistance 
against  cheating 
(fraud fighting) 
4.58 91.6 2 4.19 83.8 10 4.34 86.8 6 4.35 87 6 
Effective 
Leadership 




4.18 83.6 14 4.32 86.4 7 4.24 84.8 9 4.25 85 8 
Quality/rework 
auditing 
4.33 86.6 8 4.04 80.8 15 4.25 85 8 4.21 84.2 9 
Effective planning 
and scheduling 
4.3 86 9 4.43 88.6 4 4.06 81.2 14 4.21 84.2 9 
Effective 
Communication 
4.18 83.6 12 4.28 85.6 9 4.17 83.4 11 4.2 84 10 
Qualified 
Contractor 
4.25 85 10 4.15 83 12 4.09 81.8 12 4.14 82.8 11 
Project 
documentation 
4.15 83 15 4 80 16 4.2 84 10 4.14 82.8 11 
Employee 
involvement  
4.08 81.6 17 4.28 85.6 8 4.05 81 15 4.11 82.2 12 
Commitment to 
safety (Strict laws) 
4.15 83 16 3.98 79.6 17 4.05 81 16 4.05 81 13 
Qualified 
Consultant 
3.85 77 20 4.09 81.8 14 4.07 81.4 13 4.02 80.4 14 
Field verification 3.78 75.6 21 4.17 83.4 11 3.97 79.4 18 3.98 79.6 15 
Unification work 
standards 




4.2 84 11 3.66 73.2 22 3.92 78.4 19 3.91 78.2 17 
Job security 3.9 78 19 3.91 78.2 18 3.82 76.4 20 3.86 77.2 18 
Owner evolvement 4 80 18 3.81 76.2 20 3.75 75 22 3.82 76.4 19 
Minimization work 
stress 
3.65 73 22 3.85 77 19 3.8 76 21 3.78 75.6 20 
Note: * (20%- 39%) ineffective; (40%-59%) sometimes effective; (60%-79%) effective and (80%-100%) very effective.  
From previous table, it can be extrapolated that all mentioned measures are 
significantly effective to reduce rework in construction projects. This consensus 
among respondents about these measures can be explained by the fact that the 
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researcher derived it from previous studies, which defined most of it as practical 
measures to reduce rework such as; CII (2005), COAA (2006), Zhang (2009), 
Mastenbroek (2010), Taggar et al., (2013) and Basbeth  (2014). Besides that as 
mentioned before in the methodology chapter researcher depended in his pilot study 
on experts and field visits where it can be said that added measures were real 
recommendations from construction professionals. 
The results indicate that there is full recognition to the importance of human-resource  
management in construction projects and its impact that cannot be denied on the 
reworks in the construction project from the owner, contractors and consultant point 
of view. Efficient supervision and leadership, skills labor force and effective team 
work are very important measures to minimize rework. Coordination, integration, 
employee involvement, strengthen personnel internal ethics, job security, 
Commitments to safety ( by applying strict laws), minimization work stress and 
effective communication are essential in construction project and very helpful factors 
which decrease rework. This result is supported by Love et al., (1999), ) Alwi et al, 
(2001), CII (2005), COAA (2006), Zhang (2009), Mastenbroek (2010), Wasfy (2010) 
and Meshksarr (2012). 
From respondent's recommendations to reduce rework in the construction project, it 
can be concluded that better understanding causes of rework will assist project 
managers to identify the best methods to improve the performance of contractors to 
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4.3 Case studies results and discussion 
Four case studies were selected and investigated. Where the researcher can  look on 
project information and reports, in addition to respectful cooperation between 
researcher and project parties representatives. These cases studied  the  occurrence of 
rework events and highlighting on their main causes, then calculating their impact on 
project performance in terms of cost and time, also determining who was responsible 
on rework in each rework events. 
The researcher looked on project documents and reports, made visits to  the project 
site and made number of interviews with the project parties; owner, beneficiary 
representatives, contractor and the consultant. All noted rework events, its main 
causes and its cost and time were recorded. 
To calculate rework cost and time researcher used the following formulas which were 
discussed minutely in methodology chapter: 
Calculating rework duration and delay 
Project Extension (>0, or 0 if negative) = 
(New Activity Duration– Original Activity Duration) – Activity Total Float         
                                                                 
Where: 
   : Rework delay = Project Extension because of rework (>0, or 0 if negative)  
      : New activity duration after rework 
    : Original activity duration  
    : Activity total float 
                            
                  
                   
                      
                          
                 
                      
                     
Calculating rework cost 
               
                                
                               
               
                                                           
  : Total direct field cost of rework 
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   ∑                    
 
 
                        
Where: 
   : Direct field labor and supervision cost of rework 
   : Direct equipment cost of rework  
   : Material cost of rework  
   : Subcontract cost of rework  
   : Vendor's and supplier's cost of rework 
    : Rework event 
    = Number of rework event 
   : Direct field construction phase cost  
  : Indirect field construction phase cost  
   : Total Indirect field cost of rework 
         
 
   
⁄                                 
       
     
             
                                    
Where 
    : Rework delay cost 
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4.3.1 Case study No 1: Construction of Children and delivery hospital  
4.3.1.1 Background 
This case illustrates a vital and important project in the Gaza Strip, this project 
composed of two stages; first stage was construction stage, and the second was 
furnishing and equipment's stage. The expected cost of this project is more than 10 
million U.S. dollars. This case studied the first phase of the project (construction 
stage), which consisted of concrete and finishing work. The building consists of three 
floors; (underground floor + ground floor, first floor) each floor area about 1200.00 
m
2
 with complete finishing work. The project includes landscape works about 
2000.00 m
2
.  Project funding worth  about 4 million U.S. dollars. 
About 100 people worked in this project. 20 skilled and 25 unskilled worker  
implemented concrete and blocks work. 40 skilled worker implemented finishing 
work, and number of semi-skilled electro-mechanic workers. Air-conditions work was 
new and there was little experience in mechanism of instillation it in Gaza Strip. In 
addition to that the contractor supervision team was consisted of 10 years' experience  
project manager, nine years' experience site engineer, fresh graduated site engineer, 
20 years' experience mechanic engineer and 20 years' experience electric engineer. 
In the other side consultant team was consisted of, 25 years' experience  project 
manager worked as part time, 10 years' experience site engineer and fresh graduated 
site engineer who worked as full time, 17 years' experience mechanic engineer and 
seven years' experience and electric engineer worked as part time. In addition to that 
the owner of the project employed an architect as a site engineer in the project, and 
part time supervision from two electro-mechanic engineers who worked for the 
owner.  
4.3.1.2 Main rework  
The researcher looked on project documents and reports and visited the project and 
made a number of interviews with the director of the project, owner, beneficiary 
representatives, contractor and the consultant. Several cases of rework were noted. 
This rework cases has been recorded for this study in terms of its main causes, its 
impact on project cost and time, which party took the responsibility of that rework. 
Table 4.43 summarize main characteristics of the project of the case study and Table 
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Table 4.43: Main characteristics of the project of case study. 
Project name Construction of Children and delivery hospital (phase 1) 
Project Location Middle of Gaza Strip (Dier-AlBalah city) 
Donor  
Islamic Development Bank (IDB) and Jordanian Authority 
for Gaza reconstruction.  
Owner Ministry of Health 
Designer Al Baha design office from Jordan 
Consultant  
A consultant company ( Engineering and management 
consultant company EMCC) 
Contractor First class A contractor (Osama Khail company) 
Type of contract Traditional contract (Unit price)  
Planned budget 4 million U.S. dollars. 
Contract Value 3,899,835.72 U.S. dollars. 
Actual project cost 3,900,000 U.S. dollars. 
Cost overrun 
Non , there will be other phase in the project about 6 million 
U.S. dollars.* 
Planned duration 15 month 
Actual duration 24 month 
Time overrun 9 months 
Extensional duration 5 months (agreed extension between project parties ) 
Unsatisfied delay 4 months, the contractor carried all delay consequences   
Overhead cost 8% total project cost , about 433 U.S. $ / day 
Delay penalties A bout 1,950 U.S. dollars per day  
 There was no-cost  overrun because, available fund for this stage of the project 
was limited and there will be another stage. So that overrun cost was at the 
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Table 4.44: Main rework in case study No.1. 










Responsibility on rework 
1. 
Reconstruction 7 column in 
underground floor because 
failure of cubes test results. 
Demolishing failed 
columns and reconstructed 
new columns 
- Poor workmanship 
- Personnel  attitude (personnel 
issues) the contractor 
concentrated on there was no 
failure 
- Poor quality system from 
contactor 
- Poor communication system 
specially between contractor and 
Laboratory 
- Ineffective management and 
decision-making from contractor 
4,780 $ 8,660 $ 20 days 7  days 
Contractor carrying all 
dependencies of rework  
2. 
Falling framework for the 
retaining wall because of 
heavy rain. 
 
- Acts of God (Weather) 
- Lack of safety commitment 
- Poor workmanship 
 
750 $ 6,060 $ 14 days 3 days 
Contractor carrying all 
dependencies of rework  
3.  
Demolishing walls from 
underground floor and 
mechanical work because 
the owner want to change 
the use of this ground from 
kitchen and laundry to 
archive, despite the 
completion of concrete and 
block work 
- Changes because of change in 
owner officials 
- Inadequate briefing from owner 
- Government (Change of minister 
of health) 
 
2,800 $  4,330 $ 10 days 2 days 
Owner carrying direct 
dependencies of rework  
 
Contractor carrying indirect 
dependencies of rework  
 
Consultant carrying 
redesign fees 500 $ 
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Table 4.44: (continued) 










Responsibility on rework 
4.  
Rework in air-conditions 
work. The contractor 
supplied all air-conditions 
system to work site which 
was not compliance with 
specification.  
- Untimely deliveries material & 
equipment 
- Material & equipment were not 
compliance with specification. 
- Emergency conditions (siege and 
closures it's very difficult to 
resupply other one) 
- Adulterated materials 
- Contractor failed to implement 
quality management practices 
- Personnel  attitude (personnel 
issues from contractor) 
- Contractor want to increase profit 
- Competitive pressure /  low 
contract value (contractor) 
- Political situation (Siege- conflicts) 
23,400 $ 12,124 $ 28  days 14  days 
Contractor carrying all 
dependencies of rework  
5.  
Rework of windows marble 
because it was not 
compliance with 
specification 
- Material & equipment not 
compliance with specification. 
- Absence of clear  uniform 
standard to accept work 
- Contractor want to increase profit 
- Competitive pressure /  low 
contract value (contractor) 
- Adulterated materials 
3,150 $ 3,031 $ 7 days 2 days 
Contractor carrying all 
dependencies of rework  
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Table 4.45: Total direct and indirect rework cost and rework delay which were summarized in Table 4.44.  































1 4,780 8,660 13,440 1,075 20 7 13,650 28,165 
2 750 6,062 6,812 545 14 3 5,850 13,207 
3 2,800 4,330 7,130 570 10 2 3,900 11,600 
4 23,400 12,124 35,524 2,842 28 14 27,300 65,666 
5 3,150 3,031 6,181 494 7 2 3,900 10,575 
Sum 34,880 34,207 69,087 5,527 79 28 54,600 129,214 
 
o                            
                 
                  
         
       
         
                                                         
 
o                             
                  
                   
            
  
   
                                                          
 
o                            
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4.3.1.3 Results and discussion 
Rework mentioned in Table 4.44 were the main rework events in the project which 
were clear. That did not deny there were other rework events, but they were not 
mentioned by the project parties to the researcher because it didn‘t  have an influential 
impact on project cost or time. 
There was no rework documentation, although mentioned rework event were 
documented as new work, after original work was rejected in project's reports.  
No one of the project parties calculated rework cost although they didn‘t deny it. 
However, on the other side contractor and consultant documented these events in their 
reports to use it in their other projects. 
It's clear from Table 4.44 most of the dependencies of rework was carried by the 
contractor in this case, because he was the responsible of most of the rework causes. 
Although the contractor was classified as first class company, there was a weakness in 
a number of its Manpower specially in electromechanical work, that because they 
weren‘t skilled, and they didn‘t have been training on Ac's system as a new system.  
Low contract value and low profit margin made the contractor to look for more profit 
by using materials and equipment, which were less cost and less quality, but on the 
other hand, vigilance and keen expert consultant prevented it, which caused a number 
of rework events. 
There was clear relationship between labors type and amount of rework, where in 
concrete, blocks and finishing work ( plastering, tiling, painting, etc.) there was 
minimum rework where its labors were skilled. However, in another hand, there was 
high rework in electromechanical work specially AC's work where an 
electromechanical team was semiskilled, and the company didn‘t make training or 
improvement to them to deal with a new system.  
It was noted that most of Manpower in the project worked as temporary workers for 
the contractor company, so the contractor was not interested to train or improve them 
in the other side, they didn‘t feel loyal to the company because absent of job security, 
that may increase the percentage of rework in the project. 
Results from Table 4.45 indicated that the percentage of rework cost was 3.9% of 
actual project cost, the percentage of rework delay was 23.3% of overall project delay 
time, and the percentage of rework time was 11% of project duration. This comment 
consistent with the results of Love and Song (2013) study to determine the probability 
distribution of rework costs in construction and engineering projects, which 
concluded that projects with a contract value less than 1$million had higher rework 
probabilities than that more than 1$  million. Larger projects may be better managed 
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and longer completion times provide an opportunity to make adjustments to facilitate 
cost control. 
4.3.1.4 Recommendations 
By analysis of this case study and recommendations of project parties representatives, 
the researcher can recommend that: 
It is very important to document rework events in the project, and its strongly 
recommended to have a control system to rework. That can be implemented by 
increasing project parties awareness about rework and well understanding to causes of 
rework. This issue will assist project managers to identify the best methods to 
improve the performance of contractors to minimize rework.   
Qualified contractor with suitable contract price will increase the efficiency of project 
performance and will contribute effectively to reduce rework. 
Its strongly recommended to increases the interest of human-resource where its 
impact cannot be denied on the rework. Efficient supervision and leadership, skills 
labor force and effective team work are very important measures to minimize rework. 
Coordination, integration, employee involvement, strengthen personnel internal 
ethics, job security, Commitments to safety (by applying strict laws), minimization 
work stress and effective communication are essential in construction project and very 
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4.3.2 Case study No 2: Construction and equip Specialized Surgeries Hospital 
in Shifa Hospital (Phase 2) 
4.3.2.1 Background 
This case illustrates a vital and important project in the Gaza Strip, this project 
composed of two stages; first stage is construction, and the other is furnishing and 
equipment's stage. The total cost of this project is about 19 million U.S. dollars. The 
building consisted of eight floors; ( two underground floors + ground floor, four 
floors and upper roof) each floor area about 1800.00 m
2
. With complete finishes, the 




The first phase of the project (construction) has been finished earlier, its funding 
worth 9 million U.S. dollars. In this stage, all concrete and block work was finished.  
The project froze about six years because of siege and political situation. In 2012, the 
second stage has been resumed by a new donation about 12.66 million U.S. dollars  
with new consultant and new contractor. 
This project phase consisted of two main component; finishing work and furnishing 
and equipment's work. This case study focused on second stage of the project which 
aimed to complete construction works and electro-mechanical works, where after 
finishing this project the building became so ready for apparatus and equipment 
process and starting operation. 
The main elements of this stage include the following: Finishing work of structural 
and architectural works, electro-mechanical incorporation, installation electro-
mechanical systems, establishment medical stores and medical archive. This stage 
cost was 10.66 million U.S. dollars and was implemented by one contractor. 
About 130 people worked in this project. Most of them were skilled labor. In addition 
to that the contractor supervision team was consisted of 20 years' experience  project 
manager, 15 years' experience site engineer, fresh graduated site engineer, 25 years' 
experience mechanic engineer and 25 years' experience electric engineer. 
In the other side consultant team was consisted of, 25 years' experience  project 
manager worked as part time, 10 years' experience site engineer, fresh graduated site 
engineer, 17 years' experience, mechanic engineer and seven years' experience 
electric engineer worked as full time. In addition to that the owner of the project 
employed an architect as the site engineer in the project, and part time supervision 
from two electro-mechanic engineers who worked for the owner.  
4.3.2.2 Main rework 
The researcher looked on project documents and reports and visited  the project and 
made a number of interviews with the director of the project, owner, beneficiary 
representatives, contractor and the consultant. It was noted the existence of several 
cases of rework . This rework cases has been recorded for this study in terms of its 
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main causes, its impact on project cost and time, which party took the responsibility 
of that rework. Table 4.46 summarize main characteristics of the project of the case 
study, and Table 4.47 summarize main rework. 
Table 4.46 : Main characteristics of the project of case study  
Project name 
Construction and equip Specialized Surgeries Hospital in Shifa 
Hospital (phase 2) 
Project Location Gaza City 
Donor  Islamic Development Bank (IDB) and Qatar Red Crescent 
Owner Ministry of Health 
Designer 
Design done by UG consultant, design modification by 
Ministry of Health engineering office, Ac's deign by Arab 
Tech from Jordan. 
Consultant  
A consultant company ( Engineering and management 
consultant company EMCC) 
Contractor First class A contractor (Moshtaha and Hassouna Company) 
Type of contract Traditional contract (Unit price)  
Planned budget 10 million U.S. dollars. 
Contract Value 10,331,813.66 U.S. dollars. 
Actual project cost 10,700,000 U.S. dollars. 
Cost overrun 700,000 U.S. dollars. 
Planned duration 18 month 
Actual duration 25 month 
Time overrun 7 months 
Extensional duration 7months (agreed extension between project parties ) 
Unsatisfied delay Non 
Overhead cost 0.08 % total project cost , about 1,140 U.S. $ / day 
Delay penalties A bout 10,000 U.S. dollars per day  
Chapter 4                                                                                  Results and discussion 
   155 
Table 4.47: Main rework in case study No.2 














Rework in project design, 
because of change the 
consultant who implemented 
the first phase and issuance of 
modern air conditioning 
systems ACs. 
 
- Changes because of change in 
officials ( donor and owner) 
- Political situation (Siege and 
project freeze) 
- Economy (changes in  market 
specially in ACs( 
25,000 $ - - - 
Consultant carrying all 
dependencies of 
rework for design 
modification 
2. 
Rework because of changes in 
architect work. Such as 
changes in heart surgery 
rooms at the request of 
surgeons, changes in the 
administrative offices rooms 
at the request of the 
administration, and changes in 
air handling units. This caused 
design, block and concrete 
rework. 
- Changes because of change in 
officials 
- Inadequate coordination & 
integration specially with the 
building users. 
- Personnel  attitude (personnel 
issues) 
- Late designer input 
- Incomplete information for design   
- Lack of knowledge of construction 
process from owner (building 
users). 
- Inadequate procurement methods 
(implementation of the project on 
more than one stage using variable 
consultant and contractor) 
- Political situation (Siege) 
21,000 $ 20,000 $ 40 days 30  days 
Owner carrying all 
direct dependencies of 
rework 
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Table 4.47: (continued) 













Rework in external building 
shape. Because change the 
exterior design, where it was 
fitted for external Italian 
plastering type then it change 
to marble external finishing. 
- Changes because of change in 
officials ( donor and owner) 
- Political situation (Siege and 
project freeze) 
- Economy (changes in  market 
specially in external finishing 
martial( 
- Late designer input. 
- Incomplete information for 
design   
- Technological (changes 
external finishing. techniques 
75,000 $ 40,000 $ 70  days 60  days 
Owner carrying all 
direct dependencies of 
rework 




Rework door work , all doors 
frame changes from wood to 
steel. 
- Changes because of change in 
officials ( owner and 
consultant) 
- Late designer input 
3,000 $ 2,000 $ 7 days 7 days 
Owner carrying all 
direct dependencies of 
rework 




Rework in ACs installations 
which was implemented in 
first phase because of change 
of ACs system where all was 
the removal of all water 
pipes for pervious system . 
- Changes because of change in 
officials ( donor and owner) 
- Political situation (Siege and 
project freeze) 
- Economy (changes in  market 
specially in ACs ( 
150,000 $ 50,000$ 40 days 30  days 
Owner carrying all 
direct dependencies of 
rework 
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Table 4.48: Total direct and indirect rework cost and rework delay summarized in Table 4.47  































1 25,000 2,000 27,000 2,160 0 0 0 29,160 
2 21000 1,680 22,680 1,814 40 21 40,950 65,444 
3 75,000 6,000 81,000 6,480 70 32 62,400 149,880 
4 3,000 240 3,240 259 7 7 13,650 17,149 
5 150,000 12,000 162,000 12,960 40 28 54,600 229,560 
Sum 274,000 21,920 295,920 23,674 157 88 171,600 491,194 
 
o                            
                 
                  
         
       
          
                                                                 
 
o                             
                  
                   
            
  
   
                                                                
 
o                            
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4.3.2.3 Results and discussion  
Rework mentioned in Table 4.47 was the main rework events in the project, which 
was clear and all contract parties did not deny it. There was other rework event, but it 
was not mentioned by the project parties to the researcher because it didn‘t impact on 
project cost or time. Most of the mentioned rework event are documented and 
satisfied for donor as its cost was covered by project donation. 
All rework cost, which was under the responsibility of the owner (which was covered 
by the donation fund) consultant and contractor calculated it. However, other rework, 
which was under the responsibility of the contractor was not documented clearly, but 
it was appeared in control quality  and work acceptance reports. 
It's clear from Table 4.47 the most dependencies of rework was carried by owner in 
this case because of change of consultant and design. As mentioned before, the project 
froze six years after implementing first phase (concrete work) because of political 
situation (siege and blockage). In this long stopping period, many changes were 
appeared such as; change in officials ( donor and owner) where the persons that were 
responsible for management and decision-making were changed and there were new 
opinions and new views on the work, economic and technical changes (changes in  the 
market where new options were offered such as external finishing materials and ACs 
systems (, and changing the consultant for the project who offered new technical 
options and made many changes in design. Lack of involvement of building users in 
first design process, was a basic cause of a number of rework events as surgeon's 
room and administrative offices. 
Although most of the rework events was under responsibility of the owner, the 
contractor defrayed all indirect costs of rework in addition to project overhead cost in 
all delay period in agreement with the rest of the project parties to be relieved from all 
delay penalties, It is worth mentioned that burden of rework affected  all project's 
parties even consultant defrayed part of costs of modifying designs. This result was by 
Love (2002) cost growth for 161 Australian construction projects surveyed, which 
found that rework cost percentage because of client/end-user change orders 
contributed to 48% of rework cost.  
Most of the rework was because of changes in design. This comment consistent with 
the results of  Burati et al., (1992) who described that the quality deviation's cost can 
be even more because some costs such as costs of schedule delays or litigation costs 
or any other intangible costs of poor quality are not included. Results of their study 
indicated that almost 80% of costs of deviations were related to designing, and 17% 
were construction-related.   
Because the contractor and consultant companies in this case are qualified technically 
and classified as a first class construction company in Gaza Strip, in addition there 
were qualified supervision in this project. The rework causes which related to the 
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contractor was so minimum and close to zero that because contracting company had 
effective quality system and strong supervision, in addition it has its own staff where 
most of them were qualified and skilled.  
Results from Table 4.48 indicated that the percentage of rework cost was 4.6% of 
actual project cost, the percentage of rework delay was 41.9% of overall project delay 
time, and the percentage of rework time was 20.9% of project duration. This comment 
consistent with the results of Love and Song (2013) study to determine the probability 
distribution of rework costs in construction and engineering projects, which concluded 
that projects with a contract value less than 1$million had higher rework probabilities 
than that more than 1$  million. Larger projects may be better managed, and longer 
completion times provide an opportunity to make adjustments to facilitate cost 
control. 
4.3.2.4 Recommendations 
By analysis of this case study and recommendations of the project parties 
representatives, the researcher can recommend that: 
It is very important to document rework events in the project, and its strongly 
recommended to have a control system to rework. That can be implemented by 
increasing project parties awareness about rework and well understanding to causes of 
rework. This issue will assist project managers to identify the best methods to 
improve the performance of contractors to minimize rework.   
Having a clear strategy for the owner specially public owners, sharing design with end 
users, minimizing change orders by owners, more owner involvement in design 
process and contracting with qualified consultant and qualified contractors is strong 
recommendation for increasing the efficiency of public project performance, thus that 
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4.3.3 Case study No 3: Construction of Al Salam Mosque 
4.3.3.1 Background 
This case illustrates one of the most common construction project in the Gaza Strip. 
Projects  of establishing mosques spread dramatically in the Gaza Strip. According to 
the ministry of Awqaf and Religious Affairs in Gaza, more than 40 mosques had been 
established in the period between 2009-2013. So this project is worthy of study to 
determine the most important events of rework and re-measure its causes and impact 
on the project performance (cost and time). 
Construction mosques project cost range between 200,000 U.S. dollars to two million 
U.S. dollars. Al Salam Mosque cost was 328,000 U.S. dollars. So this case study 
represented most characteristics of mosques' projects. 
This case studied the construction process of Al Salam Mosque, which consist of two 
floors; (ground floor, first floor) each floor area about 440.00 m
2
. In addition to 
Minaret  with 17 m length and Dome with the 12m diameter, with complete finishes, 
the project includes landscape works about 1000.00 m
2
. 
About 47 people worked in this project; 13 skilled and 12 unskilled worker  
implemented concrete and blocks work. 10 skilled worker implemented minaret  and 
dome work,  and 6 semi-skilled electro-mechanic workers. Most of the finishing 
workers were semi-skilled and unskilled workers. It was a marked there was a 
substitution in the project staffs, particularly tiles and plastering crews, because of 
poor workmanship in that work. It is worth mentioning that substitution was after the 
stubbornness by the contractor. 
In addition to that the contractor supervision team was consisted of seven years' 
experience  project manager, five years' experience site engineer, and part-time 
mechanic and electric engineer. By the contractor admittedly, there was a weakness in 
experience of the supervision crew. 
In the other side consultant, team was consisted of seven years' experience site 
engineer full time, seven years' experience mechanic engineer and 25 years' 
experience electric engineer worked as part time. In addition to that the owner of the 
project employed a part-time  supervisor for the owner.  
4.3.3.2 Main rework  
The researcher looked on project documents and reports and visited  the project and 
made a number of interviews with the director of the project, owner, beneficiary 
representatives, contractor and the consultant. It was noted the existence of several 
cases of rework . This rework cases has been recorded for this study in terms of its 
main causes, its impact on project cost and time, Which party took the responsibility 
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of that rework. Table 4.49 summarize main characteristics of the project of the case 
study, and Table 4.50 summarize main rework in case study. 
Table 4.49 : Main characteristics of the project of case study  
Project name Construction of Al Salam Mosque 
Project Location North Gaza Strip (Jabaila)  
Donor  Global Mercy 
Owner Ministry Awqaf and Religious Affairs 
Designer Universal Group for engineering and consulting (UG) 
Consultant  Universal Group for engineering and consulting (UG) 
Contractor Third class contractor (Al Serhed Company) 
Type of contract Traditional contract (Unit price)  
Planned budget 328,000 U.S. dollars. 
Contract Value 312,000 U.S. dollars. 
Actual project cost 328,000 U.S. dollars 
Cost overrun 14,000 U.S. dollars. 
Planned duration 9 month 
Actual duration 14 month 
Time overrun 5 months 
Extensional duration 2 months (agreed extension between project parties ) 
Unsatisfied delay 2 month, the contractor carried all delay consequences   
Overhead cost 108 U.S. $ / day  (0.09 of project cost) 
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Table 4.50: Main rework in case study No.3 










Responsibility on rework 
1. 
Rework in excavation 
work, because type of soil 
and presence of dumped 
waste in the land of the 
project 
 
- Lack of funding allocated for site 
investigation 
- Incomplete information for design   
- Incomplete design   
- Physical conditions 
(Infrastructure)  
- 1,640 $ 5 days 5 days 
Owner carrying all 
dependencies of rework. 
Delay was satisfied between 
parties 
2. 
Rework of platform work, 
because it was non-
conformity with the 
architectural drawing 
- Poor quality system 
- Misreading of drawings and 
specifications 
- Constructability problems 
200 $ 900 $ 7 days - 
Contractor carrying all 
dependencies of rework  
3.  
Rework in blocks work, 
change in first floor which 
causes to remove walls and 
reconstructed other 
- Late designer input 
- Inadequate pre-project planning 
- Inadequate briefing from owner 
800 $ 700 $ 5days 2 days 
Owner carrying all 
dependencies of rework. 
Delay was satisfied between 
parties 
4. 
Rework in finishing 
platform work 
- An insufficient skill level of 
worker 
- Insufficient training and skill 
development of worker 
- Ineffective management and 
decision-making from contractor 
- Non-compliance with 
specification 
- Poor quality system from 
contractor 
2,400 $ 1,300 $ 47 days 33 days 
Contractor carrying all 
dependencies of rework  
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Table 4.50: (continued) 










Responsibility on rework 
5.  
Rework indoors work, it 
was noncompliance with 
specifications. 
- Poor workmanship 
- Personnel  attitude (personnel 
issues) the contractor 
concentrated on his opinion 
- Poor quality system from 
contactor 
- Ineffective management and 
decision-making from contractor 
- Material & equipment not 
compliance with specification. 
- Adulterated Materials 
- Non-compliance with 
specification 
2,100 $ 430 $ 10  days 5  days 
Contractor carrying all 
dependencies of rework. 
6.  
Rework in windows work, 
because poor workmanship. 
- Poor workmanship 
- Personnel  attitude (personnel 
issues) the contractor 
concentrated on his opinion 
- Poor quality system from 
contactor 
- Ineffective management and 
decision-making from contractor 
- Material & equipment not 
compliance with specification. 
- Inadequate supervision 
1,750 $ 500 $ 14 days 6 days 
Contractor carrying all 
dependencies of rework  
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Table 4.50: (continued) 










Responsibility on rework 
7.  
Rework in painting work, 
because noncompliance 
with specifications and 
drawings 
- Poor workmanship 
- Poor quality system from 
contactor 
- Ineffective management and 
decision-making from contractor 
- Non-compliance with 
specification and drawings 
- Inadequate supervision 
900 $ 330 $ 4 days - 
Contractor carrying all 
dependencies of rework  
8.  
Rework in electrical work, 
because noncompliance 
with specifications and 
drawings 
- Poor workmanship 
- Poor quality system from 
contactor 
- Ineffective management and 
decision-making from contractor 
- Adulterated Materials 
- Materials Non-compliance with 
specification 
- Inadequate supervision 
400 $ 200 $ 2 days - 
Contractor carrying all 
dependencies of rework  
9. 
Rework in external 
plastering, wall tiles, 
isolatingroofs and cleaning 
- Poor workmanship 
- Poor quality system from 
contactor 
- Ineffective management and 
decision-making from contractor 
- Inadequate supervision 
5,200 $ 1,450 $ 17 days 9 days 
Contractor carrying all 
dependencies of rework  
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Table 4.51: Total direct and indirect rework cost and rework delay summarized in Table 4.50. 

































1 0 1,640 1,640 148 5 5 750 2,538 
2 200 900 1,100 99 7 0 0 1,199 
3 800 700 1,500 135 5 2 300 1,935 
4 2,400 1,300 3,700 333 47 33 4,950 8,983 
5 2,100 430 2,530 228 10 5 750 3,508 
6 1,750 500 2,250 203 14 6 900 3,353 
7 900 330 1,230 111 4 0 0 1,341 
8 400 200 600 54 2 0 0 654 
9 5,200 1,450 6,650 599 17 9 1,350 8,599 
Sum 13,750 7,450 21,200 1,908 111 60 9,000 32,108 
o                            
                 
                  
         
      
       
                                                           
 
o                             
                  
                
            
  
  
                                                           
 
o                            
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4.3.3.3 Results and discussion  
Most of the rework cost was under the responsibility of the contractor, this because 
the contractor was unqualified technically, had a poor-quality system, an insufficient 
skill level, inadequate coordination and integration between contractor workmanship, 
suppliers, subcontractors, and supervision, poor supervision.  
Rework was main causes of delay in this case study it was about 65% of all delay.  
This result agreed with Meshksarr (2012), Gündüz et al (2013), and Alavifar and 
Motamedi (2014) who indicated that the most severe causes of delay is ―Rework due 
to errors during construction‖.   
Ineffective management and decision-making from the contractor specially when he 
concentrated in his opinions and didn‘t compliance with specifications was a 
significant cause of rework, all project parties mentioned there was personnel  attitude 
(personnel issues) between contractor and consultant, and they had used to challenge 
each other. In addition to that, there was  an absence of job security between workers 
and management staff from the contractor because all of them temporary staff. This 
result was supported by McDonald, (2013) results who indicated that in a large 
complex environment that involves multiple levels of trades, suppliers and installers, 
and where many activities take place simultaneously, the likelihood for errors, 
omissions and poor management practices often cause neglect that can lead to quality 
failures, which must then be reworked. 
It should be noted that although the contractor took full responsibility for rework. The 
supervisory body appointed by the consultant specially, the site engineer had a 
weakness in the supervision experience, and he was part of the persistence of the 
contractor mistakes. He did not reject noncompliance with specifications work 
strongly. He was skeptical during the implementation period. The final decision was 
from the consultant main office to reject that work after the completion of that work. 
Many rework event was appeared during the final process of the project so it caused 
delays. 
The quality of workers had a significant effect on percentage of rework event, low 
percentage in concrete work because the concrete workers was skilled and the same 
about  minaret  and dome workers. But in the other side rework in finishing work was 
significant because most of the finishing workers were semiskilled and non-skilled 
workers.  
Rework cost of this case is high comparing with previous mentioned cases, that can 
be explained by Love and Song (2013) study, which concluded that projects with a 
contract value less than 1$million had higher rework probabilities than that more than 
1$ million. Larger projects may be better managed, and longer completion times 
provide an opportunity to make adjustments to facilitate cost control. 
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Results from Table 4.51 indicated that the percentage of rework cost was 9.8% of 
actual project cost, the percentage of rework delay was 66.7% of overall project delay 
time, and the percentage of rework time was 24.7% of project duration. Rework cost 
of this case is high comparing with previous mentioned cases, that can be explained 
by Love and Song (2013) study, which concluded that projects with a contract value 
less than 1$million had higher rework probabilities than that more than 1$ million. 
Larger projects may be better managed, and longer completion times provide an 
opportunity to make adjustments to facilitate cost control. 
4.3.3.4 Recommendations 
By analysis of this case study and recommendations of the project parties 
representatives, the researcher can recommend that: 
It is very important to document rework events in the project, and its strongly 
recommended to have a control system to rework. That can be implemented by 
increasing project parties awareness about rework and well understanding to causes of 
rework. This issue will assist project managers to identify the best methods to 
improve the performance of contractors to minimize rework.   
It is strongly recommended to contract with qualified contractors and qualified 
consultant to increase the effectiveness of project performance. 
Strong supervisory body appointed by the consultant specially, the site engineer 
should be strong, qualified and expert. Continuous evaluation, well prefabrication 
works and clear specifications and field instructions are recommended strongly to 
decrease rework percentage. 
It's strongly recommended to increases the interest of human-resource where its 
impact cannot be denied on the rework. Efficient supervision and leadership, skills 
labor force and effective team work are very important measures to minimize rework. 
Coordination, integration, employee involvement, strengthen personnel internal 
ethics, job security, Commitments to safety (by applying strict laws), minimization 
work stress and effective communication are essential in construction project and very 
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4.3.4  Case study No 4: Establishment wells and main agricultural water lines 
4.3.4.1 Background 
This case illustrates an infrastructure project in the Gaza Strip. This project consisted 
from two main components. The first one establishment three agricultural wells each 
one with capacity range from 50 M
3
/hour to  100 M
3
/hour with cost about 50,000 U.S. 
dollars for each one. The second components contained 50 km 110 mm water pipes 
and 30 km 63 mm water pipes. All 110 mm pipes were buried under ground more 
than 80 cm. 
In view of the workforce in this project, there were two main workmanship groups, 
the first  consisted of 15 workers and technicians with expertise in the installation of 
irrigation systems. And on the other side 12 workers and technicians working in the 
field of drilling and installation wells, and they had less experience in this field. 
Contractor has a respectable experienced supervision team, consisted of a project 
manager with experience of 20 years, site engineer 10 years of experience and 
expertise foreman with 25 years. It should be noted that this supervision crew 
experience in the field of irrigation lines more than in the field of drilling wells.  
The supervision by the consultant and it was same of the donor team was a 
component of a site engineer with eight years of experience, electro-mechanic 
engineer with seven years' experience in well's construction field, either project 
managements are fully tracking  by donor project management department.  
Owner representative the Ministry of Agriculture and farmers  had limited role in the 
project work sites, although they were responsible to identify workplaces. Ministry of 
Agriculture and farmers  were responsible to provide information about the soil and 
wells needed information such as (water level, types of soil, and nature of 
underground water). 
It should be noted that the information which was provided by them were limited. It 
can be noted that there was no clear planning enough by the owner to the project 
before preparing the tender document. That caused a significant rework in preparing 
tender document by the donor consultant team that caused delay in tendering process.   
4.3.4.2 Main rework  
The researcher looked on project documents and reports and visited  the project and 
made a number of interviews with the director of the project, owner, beneficiary 
representatives, contractor and the consultant. It was noted the existence of several 
cases of rework.  This rework cases has been recorded for this study in terms of its 
main causes, its impact on project cost and time, which party took the responsibility 
of that rework. Table 4.52 summarize main characteristics of the project of the case 
study, and Table 4.53 summarize main rework in the case study. 
Chapter 4                                                                                  Results and discussion 
   169 
Table 4.52 : Main characteristics of the project of case study  
Project name Establishment wells and main agricultural water lines 
Project Location North Gaza Strip (Jabaila and Beit-Hanoun)  
Donor  Arab Monetary Fund (AMF) by Global Mercy 
Owner Ministry of agricultural and farmers 
Designer 
Ministry of agricultural and Global Mercy projects 
department 
Consultant  Global Mercy projects department 
Contractor Second class contractor (Al Taases Company) 
Type of contract Traditional contract (Unit price)  
Planned budget 300,000 U.S. dollars. 
Contract Value 280,000 U.S. dollars. 
Actual project cost 283,000 U.S. dollars 
Cost overrun 3,000 U.S. dollars. 
Planned duration 5 month 
Actual duration 7 month 
Time overrun 2 months 
Extensional duration 1 months (agreed extension between project parties ) 
Unsatisfied delay 1 month, the contractor carried all delay consequences   
Overhead cost 145 U.S. $ / day  (0.11 of project cost) 
Delay penalties 150 U.S. $ / day 
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Table 4.53: Main rework in case study No.4 










Responsibility on rework 
1. 
Rework of resupplying 
pipes, because first supplied 
amount failed in material 
test. The results appeared 
after two weeks 
- Inadequate coordination 
&integration between contractor, 
laboratory and supplier. 
- Personnel  attitude (personnel 
issues), where contractor 
concentrated on that pipes martial 
compliance with specification 
- Pipes materials non-compliance 
with specification 
- Martial pre-fabrication not to 
project requirement 
- Adulterated Materials from 
supplier 
- Late and Invalidity of needed tests 
700 $ 2,200 $ 17 days 10 days 
Contractor carrying all 
dependencies of rework  
2. 
Rework of Re-drilled well 
No. 1 because of falling the 
well driller in the well and 
suspended in the bottom of 
the well, noted that the 
depth of drilling 92 meters 
in diameter 18 inches. 
- Poor quality system from 
contractor 
- Contractor unqualified technically 
in wells field 
- Constructability problems 
- Acts of God, it was bad luck 
where rarely driller suspended 
- An insufficient skill level of 
labors. 
- Lack of safety commitment 
5,400 $ 3,200 $ 21 days 14 day 
Contractor carrying all 
dependencies of rework  
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Table 4.53: (continued). 










Responsibility on rework 
3.  
Rework in number of water 
connection and pips lines, 
because of poor work ship 
- Poor workmanship 
- Ineffective management and 
decision-making from contractor 
and supervisor 
- Lack of audit and control 
supervision 
- Inadequate pre-project planning 
from owner and consultant 
- Social changes, where farmers 
sometimes affected negatively.  
200 $ 1,200 $ 7  days 3  days 
Contractor carrying all 
dependencies of rework  
4.  
Rework in scandium pipes, 
Quartz gravels and 
resupplying number of 
mechanical materials 
(pumps, filters,..)  for well 
No. 2. Because it non-
compliance with 
specification. 
- Poor quality system from 
contactor 
- Ineffective management and 
decision-making from contractor 
- Adulterated Materials 
- Materials Non-compliance with 
specification 
- Inadequate supervision 
- Invalidity of needed tests 
- Competitive pressure /  low 
contract value, the contractor 
wanted to increase his profit 
- Inadequate  local education 
(supervisor- craftsman - technical) 
who didn‘t have work experience.  
1,600 $ 3,500 $ 21days 19 days 
Contractor carrying all 
dependencies of rework  
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Table 4.54: Total direct and indirect rework cost and rework delay summarized in Table 5.4 


































1 700 2,200 2,900 319 17 10 1,500 4,719 
2 5,400 3,200 8,600 946 21 14 2,100 11,646 
3 200 1,200 1,400 154 7 3 450 2,004 
4 1,600 3,500 5,100 561 21 19 2,850 8,511 
Sum 7,900 10,100 18,000 1,980 66 46 6,900 26,880 
* Contractor was relieved from delay penalties but he carried delay overhead which was 150 US $ / day.  
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4.3.4.3 Results and discussion  
Most of the rework cost, which was under the responsibility of the contractor, this 
because the contractor was unqualified technically, had a poor-quality system, an 
insufficient skill level, especially in the field of construction wells. 
Competitive pressure / low contract value, the contractor wanted to increase his profit, 
so he tried to use cheaper material, which was in most of the time noncompliance with 
material. 
Insufficient pre-planning for the project from the owner (minister of agriculture) 
caused some events of rework, but the contractor carried its responsibility because the 
contract conditions, where the contractor was responsible for design all connections 
and water pipes lines. 
Rework was man causes of delay in this case study it was about 76% of all delay. This 
result agreed with Meshksarr (2012), Gündüz et al (2013), and Alavifar and Motamedi 
(2014) who indicated that the most severe causes of delay is ―Rework due to errors 
during construction‖.   
Invalidity of needed tests specially, there was no clear test for material content for 
pipes, and to test pipes it should take about 15 days to measure its capacity and 
resistance for pressure and heat, this issue contributed in causing rework. The 
contractor trusted certificates and checks for the vendor upon completion of the 
examination the pipes' samples failed to pass  specifications tests. 
Inadequate  local education,  supervisors and technical labors  was not sufficient in the 
beginning of the project, they didn‘t have needed experience in construction wells' 
sector.  
By comparing results of this study with Love et al., (2010) study that tried to 
determine rework costs in civil infrastructure, they noted that from 115 civil 
infrastructure projects surveyed, mean rework costs were lower than the previously 
reported mean rework costs for building construction projects. The results that 
influence direct rework costs on cost growth for civil infrastructure projects were also 
considerably less than in building construction: 12% compared to 26% respectively, 
more than half of what was reported in building construction. This thesis can indicate 
that by comparing the cost of rework between this case, and the previous three cases 
type of project isn‘t the primary determinant of the increasing of rework cost, but 
knowledge, experience and adequate preparation for each project is the basis.  
Results from Table 4.54 indicated that the percentage of rework cost was 9.5% of 
actual project cost, the percentage of rework delay was 76.7% of overall project delay 
time, and the percentage of rework time was 31.4% of project duration. Rework cost 
of this case is high comparing with previous mentioned cases, that can be explained 
by Love and Song (2013) study, which concluded that projects with a contract value 
less than 1$million had higher rework probabilities than that more than 1$ million. 
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Larger projects may be better managed, and longer completion times provide an 
opportunity to make adjustments to facilitate cost control. 
4.3.4.4 Recommendations 
By analysis of this case study and recommendations of the project parties 
representatives, the researcher can recommend that: 
It is very important to document rework events in the project, and its strongly 
recommended to have a control system to rework. That can be implemented by 
increasing project parties awareness about rework and well understanding to causes of 
rework. This issue will assist project managers to identify the best methods to 
improve the performance of contractors to minimize rework.   
Qualified contractor with a suitable contract price will increase the efficiency of 
project performance and will contribute effectively to reduce rework. Strong 
supervisory body appointed by the consultant specially, the site engineer should be 
strong, qualified and expert. Continuous evaluation, well prefabrication works and 
clear specifications and field instructions are recommended strongly to decrease 
rework percentage. In addition to that its recommended to clarify needed tests for 
material, and making prequalification for suppliers.  
Its strongly recommended to increases the interest of site investigation process and 





Chapter 5                                                             Conclusions and recommendations 
   175 
Chapter 5 : Conclusions and recommendations 
5.1 Introduction 
This study aims to determine the causes of rework in construction projects, as well as 
the impact of rework on project performance, specifically on project cost and time. In 
addition to that it aims to determine the measures how to reduce the occurrence of 
rework. This chapter included the conclusions of what this thesis achieved for its 
objectives which are: 
1) To investigated contracting parties awareness regard rework in construction 
projects: a clear definition of rework was inferred, defined what the rework problems 
are? The relationship between type of the organization of each contracting party, its 
size, its experience, it's interesting in learning, development, minimizing waste, and 
awareness regard rework in construction projects.  
2) To identify causes of rework and determination their degree of occurrence and 
their severity on the performance (time and cost) of construction projects: Most of the 
rework causes in construction projects in Gaza Strip were summarized. Their degrees 
of occurrence and severity on the performance (time and cost) of construction projects 
were determined. 
3) To determine the impact of rework on project performance ( cost and time), 
through four case studies: The impact of rework on project performance was 
determined by calculating rework cost and delay. 
4) To determine the measures for reducing the occurrence of rework in construction 
projects: Most measures were summarized and determined to what extent each 
measure can contribute to reduce rework in construction projects. 
Finally, this chapter included several recommendations which were suggested to 
individuals and organizations in Gaza Strip construction professional and the various 
stakeholders. These recommendations were stated to optimize the project performance 
for individuals,  increase wellness of the construction contractor firms. 
5.2 Conclusions 
Based on the analyses, findings and discussions in the previous chapter, This part on 
the thesis concluded the main findings of the research objectives, based on the initial 
exploratory study, four case studies and questionnaire survey. Where the study 
population and the sample size were confined within Gaza Strip. The data was 
obtained from consulting agencies, construction contractor companies and public 
owners (ministries, municipalities, INGOs). The respondents were experienced 
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construction project managers, site engineers/office engineers, and organizations‘ 
managers. This study was completed at the end of September 2014. From the current 
study, the outcomes indicated the following: 
5.2.1 Outcomes related to objective one  
"Investigation contracting parties awareness regard rework in construction projects" 
A clear definition of rework was inferred, which is " Rework is unnecessary effort 
(people, material, time and equipment) of re-doing a process or activity that was 
incorrectly implemented the first time or was not needed actually to complete the 
work". 
Related results to this objective are: 
5.2.1.1 Learning and improvement organizational   
The results which were obtained from the questionnaire survey indicated a good view 
for construction management field in Gaza Strip where most of the top management  
acceptable technical and managerial quality, as these questionnaire respondents were 
engineers, and they work for high-class  construction companies. In another side 
improving and training worker and staffs, was in low level, that because most of the 
workers and staffs work as temporary employees, commonly contractors depend on 
subcontractors in implementing different construction work . 
The results indicated that most of the construction companies interested in minimizing 
waste and maximizing project value, but they varied in their ability to achieve this, 
based upon a number of determinants such as: its finance and the capital of these 
companies, expertise, and effective management. 
The results rejected the Null-hypothesis which indicated  that there are no learning 
and improvement organizational environment in construction projects in Gaza Strip .It 
can be concluded that the level of learning and development environment in the 
construction field in Gaza Strip is acceptable, although there is less interested in 
training workers as previous results reviewed. 
5.2.1.2 Awareness about rework in construction projects   
The results which were obtained from the questionnaire survey indicated that there is 
a  significant awareness about rework in construction projects in Gaza Strip. And 
there is a consensus on considering rework as a serious problem in construction 
industry. 
Results indicated that younger engineers know theoretically more about rework 
definition, causes and impact. However, on another side, more experience engineers 
realize the importance and seriousness of rework problem in construction. 
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5.2.1.3 Parities interesting in reducing rework in construction projects   
The results revealed that there is a consensus among all parties in the interest to 
reduce rework in construction. On the  side, low percentage about half of the sample 
indicated that they didn‘t have a control system on rework, or they practically can 
reduce rework in their projects. The result rejected the Null-hypothesis which 
indicated  that there is no interest between parties  to reduce rework in construction 
projects in Gaza Strip. 
From this study, it can be concluded that as Gaza Strip- Palestine considered as a 
development country, there is significant interest in learning and development in 
construction industry environment. However, it should be in the account that unrest  
circumstances, surrounding environment and the stage of development of Palestinian 
society affect this learning environment, especially the difficulty in economic and 
political situation. 
The questionnaire results show that there is considerable interest between  
construction industry parties in minimizing waste and maximizing project value. In a 
same side, they believe that rework as a non-added value and waste and there is a real 
intent to reduce rework event in construction projects in Gaza Strip. 
It is worth mentioning that there is a positive indicator appeared as a result for this 
research that there is a significant awareness between parties about rework and its 
causes and its impact. On the other hand, it was found some limitation to deal 
properly with this problem. There is significant weakness in controlling system on 
rework in the construction project. In addition to that weakness in training system and 
improvement of workmanship affect project performance negatively. 
The results of nonparametric Kruskal-Wallis test was used to examine the level of 
agreement between the three groups of respondents (client, consultant and contractor) 
on awareness about rework in construction projects in Gaza strip. The test results 
revealed that there were statistical differences between mean ranks of  type of 
organization  for the client group. 
5.2.2 Outcomes related to objective two 
"Identification causes of rework and determination their degree of occurrence and 
their severity on the performance (time and cost) of construction projects" 
Results which obtained which was related to this objective are: 
5.2.2.1 The degree of occurrence of rework causes according to its RII 
Results indicated that all listed 58 causes are occurred significantly in construction 
projects in Gaza Strip. Table 5.1 shows the most ten important rework causes 
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according to the degree of occurrence in the construction project in Gaza Strip and its 
rank according to its RII. 




Degree of occurrence 
quoted by 175 
Respondents* Score RII% Rank 
1 2 3 4 5 
The absence of job security 
HR  
capability 
6 8 39 38 84 711 81.2 1st 
Emergency conditions  
(siege and closures) 
Materials & 
equipment 
4 18 38 33 82 696 79.6 2nd 
Attempts to  fraud Contractor 10 18 29 40 78 683 78 3rd 
An insufficient skill level 
HR  
capability 
15 10 50 24 76 661 75.6 4th 
Unqualified technically Contractor 0 34 34 47 60 658 75.2 5th 




11 6 52 56 50 653 74.6 6th 
Conflict of interest 
HR  
capability 




6 18 56 42 53 643 73.4 7th 
Competitive pressure /  low 
contract value 
Contractor 7 23 41 53 51 643 73.4 7th 
Design errors and omission Design 0 32 35 76 32 633 72.4 8th 
Competitive/  low design fees Design 19 6 43 64 43 631 72.2 9th 




5 23 62 31 54 631 72.2 9th 
Excessive overtime HR capability 5 20 48 70 32 629 71.8 10th 
Note: * 1- never occurred; 2- neutral occurred; 3- sometimes occurred; 4- usually occurred; 5- always occurred 
The results of nonparametric Kruskal-Wallis test was used to examine the level of 
agreement between the three groups of respondents (client, consultant and contractor) 
among ranking rework causes according to their degree of occurrence in construction 
projects in Gaza strip. The test results indicated that the probability of  significance is 
0.168 more than 0.05, which mean there was a statistical agreement between mean 
ranks of type of organization according to the degree of occurrence of rework causes 
in the construction project in Gaza Strip. 
5.2.2.2 The degree of severity of rework causes on project performance 
according to its RII. 
The results indicated that all listed 58 causes are severe on project performance 
significantly in construction projects in Gaza Strip. Table 5.2 shows the most ten 
important rework causes according to degree of severity on project performance (cost 
& time) in construction project in Gaza Strip and its rank according to its RII. 
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Degree of severity on 
project performance (cost 
& time) quoted by 175 
Respondents* 
Score RII% Rank 
1 2 3 4 5 
Attempts to  fraud Contractor 8 2 28 37 100 744 85 1st 
Competitive pressure /  low 
contract value 
Contractor 0 0 56 41 78 722 82.6 2nd 
Ineffective management and 
decision-making 
HR capability 5 12 27 46 85 719 82.2 3rd 
Schedule pressures construction 
process 
3 10 37 51 74 708 81 4th 
The absence of job security HR capability 5 22 24 48 76 693 79.2 5th 
Unqualified technically Contractor 5 2 52 53 63 692 79 6th 
An insufficient skill level HR capability 5 0 55 56 59 689 78.8 7th 
Emergency conditions 
(siege and closures) 
Materials & 
equipment 
4 0 65 45 61 684 78.2 8th 
Poor quality system Contractor 3 7 53 52 60 684 78.2 8th 
Disturbances in personnel planning HR capability 0 15 33 81 46 683 78 9th 
Adulterated Materials Materials & 
equipment 
3 11 53 44 64 680 77.8 10th 
Note: * 1- not severe; 2- slightly severe; 3- severe; 4- very severe; 5- extremely severe 
The results of nonparametric Kruskal-Wallis test was used to examine the level of 
agreement between the three groups of respondents (client, consultant and contractor) 
among ranking rework causes according to their degree of severity on project 
performance  in Gaza strip. The test results indicated that probability of  significance 
is 0.235 more than 0.05, which mean there was statistical agreement between mean 
ranks of type of organization according to impact on project performance of rework 
causes in the construction project in Gaza Strip. 
Spearman's correlation coefficient was used to examine the relationship between the 
degree of occurrence and degree of severity on project performance among  58 rework 
causes. The test results illustrated that there was a statistically significant relationship 
between the degree of occurrence and degree of severity on project performance 
among over-all  rework causes.  This relationship was estimated at 67% as R
2
 = 0.672 
with a degree of significant 0.0001, which was much lower than 0.05. This can be 
confirmed that when the degree of occurrence of rework cause increase, its degree of 
severity on the project performance increase consequently.    
5.2.3 Outcomes related to objective three 
" Determination the impact of rework on project performance ( cost and time), 
through four case studies " 
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Table 5.3 summarize the percentage of rework cost, rework delay and rework time for 
the four case studies. 








% of rework 
cost 
% of rework 
time 
% of rework 
delay 
Case study 
No.1 3,900,000$ 24 months 3.9% 11% 23.3% 
Case study 
No.2 10,700,000$ 25 months 4.6% 20.9% 41.9% 
Case study 
No.3 328,000$ 14 months 9.8% 24.7% 66.7% 
Case study 
No.4 283,000$ 7 months 9.5% 31.4% 76.7% 
Rework cost and time in previous Table 5.3 were the main rework events within the 
project which were clear. That did not deny, there were other rework event, but it was 
not mentioned by the project parties to the researcher because it didn‘t  have the 
influential impact on project cost or time. 
From the case studies analysis, it can be indicated that rework increased the cost of 
the different work categories between 3% to 10% and caused delays in the different 
work categories resulting in the increase of their original durations from 20 % to 77%. 
This thesis can be indicated that by comparing the cost of rework between previous 
four cases, type of project isn‘t the primary determinant of the increasing of rework 
cost, but knowledge, experience and adequate preparation for each project are the 
basis. 
Unfortunately, it can be concluded that no reworks documentation, although 
mentioned rework event were documented as new work, after original work was 
rejected in project's reports. No one of the project parties calculate reworked cost, 
although they didn‘t deny it. It is worth mentioned that burden of rework affected  all 
project parties, Although most of it were carried by one party who was the responsible 
for its causes. 
Low contract value and low profit margin made the contractor to look for more profit 
by using materials and equipment, which were less cost and less quality, but on the 
other hand, vigilance and keen expert consultant prevented it, which caused a number 
of rework events. 
There was clear relationship between labors type and amount of rework, where there 
was minimum rework where its labors was skilled workers. However, in another 
hand, there was high rework where its labors was unskilled workers.  
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It was noted that most of Manpower in the project work as temporary workers at the 
contractor company, so the contractor was not interested to train or improve them in 
the other side, they didn‘t feel loyal to the company because absent of job security, 
that may increase the percentage of rework in the project. 
These case studies found that rework cost percentage because of client/end-user 
change orders contributed, and changes in design were high comparing with other 
causes.  
These cases indicated there is a very strong relationship between the technical and 
financial qualifications and experiences of construction companies, and the amount of 
rework. Where if these companies were qualified the rework will be less. 
Ineffective management and decision-making, personnel  attitude (personnel issues), 
absence of job security between workers and management staff  that can lead to 
quality failures, which must then be reworked. 
This result can be concluded that projects with a contract value less than 1$million 
had higher rework probabilities than that more than 1$  million. Larger projects may 
be better managed, and longer completion times provide an opportunity to make 
adjustments to facilitate cost control. 
5.2.4 Outcomes related to objective four 
" Determination the measures for reducing the occurrence of rework in construction 
projects " 
Results revealed that all listed 22 measures were significantly effective to reduce 
rework in construction projects in Gaza Strip. Table 5.4 shows the most ten important 
measure to reduce rework in construction project in Gaza Strip and its rank according 
to its RII. 
The result of nonparametric Kruskal-Wallis test was used to examine the level of 
agreement between the three groups of respondents (client, consultant and contractor) 
among ranking measures for reducing rework in Gaza strip. The test results indicated 
that the probability of  significance was 0.748 more than 0.05, which mean that there 
was statistical agreement between mean ranks between all project's parties according 
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Table 5.4: Most important ten measures to reduce rework in construction project in 
Gaza Strip 
Measures for reducing rework 
Owner Consultant Contractor All parties 
RII%* Rank RII%* Rank RII%* Rank RII%* Rank 
Sufficient and capable human 
resources 
89% 4 88% 6 92% 1 90% 1 
Teamwork effectiveness 92% 1 88% 5 89% 3 89% 2 
Strong qualified supervision 88% 6 89% 3 90% 2 89% 2 
Continuous evaluation before 
and during work 
90% 3 91% 1 87% 5 89% 2 
Supplier prequalification 87% 7 90% 2 87% 4 88% 3 
Strict resistance against  cheating 
(fraud fighting) 
92% 2 84% 10 87% 6 87% 4 
Effective Leadership 88% 5 83% 13 85% 7 85% 5 
Using lean construction 
improvement 
84% 14 86% 7 85% 9 85% 5 
Quality/rework auditing 87% 8 81% 15 85% 8 84% 6 
Effective planning and 
scheduling 
86% 9 89% 4 81% 14 84% 6 
Effective Communication 84% 12 86% 9 83% 11 84% 6 
Qualified Contractor 85% 10 83% 12 82% 12 83% 7 
Project documentation 83% 15 80% 16 84% 10 83% 7 
Employee involvement  82% 17 86% 8 81% 15 82% 8 
Commitment to safety (Strict 
laws) 
83% 16 80% 17 81% 16 81% 9 
Qualified Consultant 77% 20 82% 14 81% 13 80% 10 
Field verification 76% 21 83% 11 79% 18 80% 10 
Note: * (20%- 39%) ineffective; (40%-59%) sometimes effective; (60%-79%) effective and (80%-100%) very effective.  
5.3 Research implication 
This study contributes to the body of knowledge on project management in 
construction, as well as project performance, in general.  
1- Theoretical Contributions (Academic): The survey development process used in 
this study can be utilized by researchers interested in other constructs related to 
different aspects of rework and project performance. Furthermore, based on the 
comprehensive rework definition, 58 possible rework causes, calculating rework cost 
and time formulas and methodology and 22 measures for reducing rework which this 
research illustrated, a clear theoretical framework for rework in construction projects 
can be built for further researches and studies. 
2- Managerial implication (Practical): These results are of interest to managers 
because it was practical, realistic and applicable. This research depended mainly on 
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realistic data from the work sites. So that it illustrated a practical concept for rework 
problem. In addition to that these results will help construction professionals to 
increase their awareness about rework. They revealed a practical framework to control 
on rework in their project according to defining rework causes, cost and impact. This 
research will help construction project managers to increase the effectiveness of their 
projects performance due to main measures for reducing rework, which were 
illustrated.    
5.4 Recommendations 
Based on the previous results obtained from questionnaire survey and four case 
studies, the recommendations were made to help Gaza Strip construction professional 
and the various stakeholders in the construction industry in order to optimize the 
project performance for individuals, the wellness of the construction contractor firms, 
and ultimately, the benefits of the entire construction industry in Gaza Strip. By 
highlighting on rework problem its causes, impact and remedies. This study 
recommendation are: 
 It's very important to increase awareness between contracting parties regard 
rework in construction projects, its causes and impact, to qualify them to avoid it 
as possible. 
 
 It's recommended strongly that rework events should be documented during 
projects, and it should be in mined of project managers a control system to deal 
with it. It can be suggested to find a paragraph in the daily progress reports in 
projects dealing with rework events and control.  
 
 
 To reduce rework in the construction project, it can be concluded that better 
understanding causes of rework will assist project managers to identify the best 
methods to improve the performance to minimize rework. 
  
 The results indicated that there was full recognition of the importance of human-
resource  management in construction projects and its impact that cannot be 
denied on the reworks in the construction project from the owner, contractors and 
consultant point of view. Efficient supervision and leadership, skills labor force 
and effective team work are very important measures to minimize rework. 
Coordination, integration, employee involvement, strengthen personnel internal 
ethics, job security, Commitments to safety ( by applying strict laws), 
minimization work stress and effective communication are essential in 
construction project and very helpful factors which decrease rework. 
 
 This study concluded that availability of qualified consultant, qualified contractor 
in addition to ensuring supplier qualification per supplying under suitable and 
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enough owner involvement in the construction project under effective teamwork 
environment will contribute to reduce rework effectively.  
 Using lean construction improvement is a very effective technique to reduce 
rework in construction projects. Applying continuous evaluation before and 
during work, minimize the variation from specification, which, consequently, led 
to be minimum rework.    
 
 Strict resistance against  cheating (fraud fighting) is a very effective measure to 
reduce rework. This result agreed with respondents view about an attempt to fraud 
as one of the most rework causes. Certainly, there will be a direct correlation 
between the fighting against fraud and reduce rework. In fact, this can be achieved 
by making strict regulations and strong supervision, but it remains important to 
strengthen personnel internal ethics. 
5.5 Recommendations for future studies  
It is recommended to do further studies on rework in the following areas: 
1- Conducting an action research to test the effectiveness of rework reduction 
measures. 
2- Using lean construction tools to reduce rework in construction projects. 
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Appendix I: Correlation coefficient 
Table (1) Correlation coefficient of each paragraph of Learning and improvement 
organizational environment and the total of this field. 












Does the company make research and 
development? 
.81(*) 0.000 
4.  Does the company make project reviews? .83(*) 0.000 
5.  




Does the company make improvement to 
work teams ? 
.64(*) 0.000 
7.  
Does the company interest in minimizing 
waste and maximizing value in its projects? 
.58(*) 0.000 
* Correlation is significant at the 0.05 level 
Table (2) Correlation coefficient of each paragraph of awareness about rework and the 
total of this field 
No. Question Spearman Correlation 
Coefficient 
P-Value (Sig.) 
1.  Do you know about rework definition in 
construction? 
.58(*) 0.000 
2.  Do you know about rework causes in 
construction? 
.69(*) 0.000 
3.  Do you know about rework impact on 
construction? 
.41(*) 0.000 
4.  Do you believe that rework is waste? .54(*) 0.000 
5.  Do you believe that rework increase project 
cost? 
.62(*) 0.000 
6.  Do you believe that rework is a serious 
problem in construction? 
.63(*) 0.000 
* Correlation is significant at the 0.05 level 
Table (3) Correlation coefficient of each paragraph of parties interesting in reducing 
rework and the total of this field 
No. Question Spearman Correlation 
Coefficient 
P-Value (Sig.) 
1.  Does the company interest in minimizing 
rework in its projects? 
.41(*) 0.000 
2.  Does the company has control on rework in 
its projects? 
.38(*) 0.000 
3.  Dose company work on reducing rework in 
its projects? 
.39(*) 0.000 
* Correlation is significant at the 0.05 level 
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Table (4) Correlation coefficient of each paragraph of degree of occurrence causes 
related to human resource  capability and the total of this field 
No. Question Spearman Correlation 
Coefficient 
P-Value (Sig.) 
1.  Excessive overtime .38(*) 0.000 
2.  An insufficient skill level manpower .68(*) 0.000 
3.  Inadequate coordination &integration .71(*) 0.000 
4.  Insufficient training and skill 
development 
.59(*) 0.000 
5.  Disturbances in personnel planning .72(*) 0.000 
6.  Lack of employee motivation and 
rewords 
.38(*) 0.000 
7.  The absence of job security .54(*) 0.000 
8.  Unclear line of authority and 
responsibility 
.56(*) 0.000 
9.  Personnel  attitude (personnel issues) .25(*) 0.001 
10. Conflict of interest .49(*) 0.000 
11. Lack of safety and welfare commitment .66(*) 0.000 
12. Poor communication system .60(*) 0.000 
13. Ineffective management and decision-
making 
.47(*) 0.000 
* Correlation is significant at the 0.05 level 
Table (5) Correlation coefficient of each paragraph of degree of occurrence causes 
related to construction process and the total of this field 
No. Question Spearman Correlation 
Coefficient 
P-Value (Sig.) 
1.  Failure to implement Quality 
management practices 
.76(*) 0.000 
2.  Lack of Audit and control  .71(*) 0.000 
3.  Schedule pressures  .43(*) 0.000 
4.  Late designer input .65(*) 0.000 
5.  Constructability problems .58(*) 0.000 
6.  Inadequate pre-project planning .72(*) 0.000 
7.  Non-compliance with specification .83(*) 0.000 
8.  Unclear work specification .70(*) 0.000 
9.  Inadequate supervision .72(*) 0.000 
10. Poor  project document  .60(*) 0.000 
11. Rigidity to improvement .76(*) 0.000 
12. Absence of clear  uniform standard to 
accept work 
.65(*) 0.000 
* Correlation is significant at the 0.05 level 
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Table (6) Correlation coefficient of each paragraph of degree of occurrence causes 
related to materials and equipment supply and the total of this field 
No. Question Spearman Correlation 
Coefficient 
P-Value (Sig.) 
1.  Untimely deliveries .66(*) 0.000 
2.  Non-compliance with specification .69(*) 0.000 
3.  Materials not in right place when needed .79(*) 0.000 
4.  Pre-Fabrication not to project 
requirement 
.54(*) 0.000 
5.  Emergency conditions (siege and 
closures) 
.58(*) 0.000 
6.  Adulterated materials .83(*) 0.000 
7.  Invalidity of needed tests .85(*) 0.000 
* Correlation is significant at the 0.05 level 
Table (7) Correlation coefficient of each paragraph of degree of occurrence client-
related causes and the total of this field 
No. Question Spearman Correlation 
Coefficient 
P-Value (Sig.) 
1.  Lack of knowledge of construction 
process 
.73(*) 0.000 
2.  Inadequate briefing .82(*) 0.000 
3.  Lack of funding allocated for 
consultation 
.82 (*) 0.000 
4.  Lack of funding allocated for site 
investigation 
.79(*) 0.000 
5.  Changes because of change in officials .77(*) 0.000 
* Correlation is significant at the 0.05 level 
Table (8) Correlation coefficient of each paragraph of degree of occurrence design-
related causes and the total of this field 
No. Question Spearman Correlation 
Coefficient 
P-Value (Sig.) 
1.  lack of professionalism .90(*) 0.000 
2.  Inadequate procurement methods .87(*) 0.000 
3.  Poor  project document  .80(*) 0.000 
4.  Design errors and omission .79(*) 0.000 
5.  Competitive/  low design fees .78(*) 0.000 
6.  Incomplete information for design   .79(*) 0.000 
7.  Incomplete design   .83(*) 0.000 





Appendix I                                                                               Correlation coefficient 
   212 
Table (9) Correlation coefficient of each paragraph of degree of occurrence 
contractor-related causes and the total of this field 
No. Question Spearman Correlation 
Coefficient 
P-Value (Sig.) 
1.  Poor quality system .79(*) 0.000 
2.  Misreading of drawings and 
specifications 
.88(*) 0.000 
3.  Competitive pressure /  low contract 
value 
.75(*) 0.000 
4.  Attempts to  fraud  .82(*) 0.000 
5.  Unqualified technically  .75(*) 0.000 
6.  Financial weakness (Phantom cash flow) .81(*) 0.000 
* Correlation is significant at the 0.05 level 
Table (10) Correlation coefficient of each paragraph of degree of occurrence External  
environment  related causes and the total of this field 
No. Question Spearman Correlation 
Coefficient 
P-Value (Sig.) 
1.  Government (Regulations, taxes. Interest rates) .67(*) 0.000 
2.  Economy (Inflation, exchange rates, market ( .48(*) 0.000 
3.  Social (Changing social environment, 
resistances( 
.68(*) 0.000 
4.  Technological (techniques, facilities, 
machines) 
.89(*) 0.000 
5.  Inadequate  local education 
(Collectors - craftsman - technical) 
.67(*) 0.000 
6.  Physical conditions (Infrastructure, 
transportation, etc) 
.64(*) 0.000 
7.  Acts of God/Force Major (Weather, 
disaster) 
.73(*) 0.000 
8.  Political situation (Siege- conflicts) .52(*) 0.000 
* Correlation is significant at the 0.05 level 
Table (11) Correlation coefficient of each paragraph of severity of causes related to 
human resource  capability on project performance and the total of this field 
No. Question Spearman Correlation 
Coefficient 
P-Value (Sig.) 
14. Excessive overtime .49(*) 0.000 
15. An insufficient skill level manpower .68(*) 0.000 
16. Inadequate coordination &integration .76(*) 0.000 
17. Insufficient training and skill 
development 
.61(*) 0.000 
18. Disturbances in personnel planning .72(*) 0.000 
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Table (11): Continued 
No. Question Spearman Correlation 
Coefficient 
P-Value (Sig.) 
20. The absence of job security .54(*) 0.000 
21. Unclear line of authority and responsibility .56(*) 0.000 
22. Personnel  attitude (personnel issues) .25(*) 0.001 
23. Conflict of interest .49(*) 0.000 
24. Lack of safety and welfare commitment .66(*) 0.000 
25. Poor communication system .60(*) 0.000 
26. Ineffective management and decision-
making 
.47(*) 0.000 
* Correlation is significant at the 0.05 level 
Table (12) Correlation coefficient of each paragraph of severity of causes related to 
construction process on project performance and the total of this field 
No. Question Spearman Correlation 
Coefficient 
P-Value (Sig.) 
13. Failure to implement Quality 
management practices 
.76(*) 0.000 
14. Lack of Audit and control  .71(*) 0.000 
15. Schedule pressures  .43(*) 0.000 
16. Late designer input .65(*) 0.000 
17. Constructability problems .58(*) 0.000 
18. Inadequate pre-project planning .72(*) 0.000 
19. Non-compliance with specification .83(*) 0.000 
20. Unclear work specification .70(*) 0.000 
21. Inadequate supervision .72(*) 0.000 
22. Poor  project document  .60(*) 0.000 
23. Rigidity to improvement .76(*) 0.000 
24. Absence of clear  uniform standard to 
accept work 
.65(*) 0.000 
* Correlation is significant at the 0.05 level 
Table (13) Correlation coefficient of each paragraph of severity of causes related to 
materials and equipment supply on project performance and the total of this field 
No. Question Spearman Correlation 
Coefficient 
P-Value (Sig.) 
8.  Untimely deliveries .66(*) 0.000 
9.  Non-compliance with specification .69(*) 0.000 
10. Materials not in right place when needed .79(*) 0.000 
11. Pre-Fabrication not to project requirement .54(*) 0.000 
12. Emergency conditions (siege & closures) .58(*) 0.000 
13. Adulterated materials .83(*) 0.000 
14. Invalidity of needed tests .85(*) 0.000 
* Correlation is significant at the 0.05 level 
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Table (14) Correlation coefficient of each paragraph of severity ofclient-related 
causes on project performance and the total of this field 
No. Question Spearman Correlation 
Coefficient 
P-Value (Sig.) 
6.  Lack of knowledge of construction 
process 
.73(*) 0.000 
7.  Inadequate briefing .82(*) 0.000 
8.  Lack of funding allocated for 
consultation 
.82 (*) 0.000 
9.  Lack of funding allocated for site 
investigation 
.79(*) 0.000 
10. Changes because of change in officials .77(*) 0.000 
* Correlation is significant at the 0.05 level 
Table (15) Correlation coefficient of each paragraph of severity of design-related 
causes on project performance and the total of this field 
No. Question Spearman Correlation 
Coefficient 
P-Value (Sig.) 
8.  lack of professionalism .90(*) 0.000 
9.  Inadequate procurement methods .87(*) 0.000 
10. Poor  project document  .81(*) 0.000 
11. Design errors and omission .79(*) 0.000 
12. Competitive/  low design fees .80(*) 0.000 
13. Incomplete information for design   .79(*) 0.000 
14. Incomplete design   .85(*) 0.000 
* Correlation is significant at the 0.05 level 
Table (16) Correlation coefficient of each paragraph of severity of contractor-related 
causes on project performance and the total of this field 
No. Question Spearman Correlation 
Coefficient 
P-Value (Sig.) 
7.  Poor quality system .81(*) 0.000 
8.  Misreading of drawings and 
specifications 
.86(*) 0.000 
9.  Competitive pressure /  low contract 
value 
.78(*) 0.000 
10. Attempts to  fraud  .80(*) 0.000 
11. Unqualified technically  .69(*) 0.000 
12. Financial weakness (Phantom cash flow) .83(*) 0.000 
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Table (17) Correlation coefficient of each paragraph of severity of external  
environment related causes on project performance and the total of this field 
No. Question Spearman Correlation 
Coefficient 
P-Value (Sig.) 
9.  Government (Regulations, taxes. Interest rates) .67(*) 0.000 
10. Economy (Inflation, exchange rates, market ( .48(*) 0.000 
11. Social (Changing social environment, resistances( .68(*) 0.000 
12. Technological (techniques, facilities, machines) .87(*) 0.000 
13. Inadequate  local education 
(Collectors - craftsman - technical) 
.68(*) 0.000 
14. Physical conditions (Infrastructure, 
transportation, etc) 
.69(*) 0.000 
15. Acts of God/Force Major (Weather, disaster) .76(*) 0.000 
16. Political situation (Siege- conflicts) .58(*) 0.000 
* Correlation is significant at the 0.05 level 
Table (18) Correlation coefficient of each paragraph of measure to reduce rework and 
the total of this field 
No. Question Spearman Correlation 
Coefficient 
P-Value (Sig.) 
1.  Effective Leadership .33(*) 0.000 
2.  Sufficient and capable resources  .60(*) 0.000 
3.  Employee involvement  .53(*) 0.000 
4.  Effective Communication  .58(*) 0.000 
5.  Teamwork  .55(*) 0.000 
6.  Documentation  .53(*) 0.000 
7.  Strict resistance against  cheating .67(*) 0.000 
8.  Quality/rework auditing  .62(*) 0.000 
9.  Strong qualified supervision .48(*) 0.000 
10. Continuous evaluation before and during 
the implementation of work 
.48(*) 0.000 
11. Commitment to safety (Strict laws) .60(*) 0.000 
12. Unification work standards .61(*) 0.000 
13. Strengthen personnel internal ethics .57(*) 0.000 
14. Job security .47(*) 0.000 
15. Qualified Consultant .64(*) 0.000 
16. Qualified Contractor .58(*) 0.000 
17. Owner alignment .59(*) 0.000 
18. Field verification .66(*) 0.000 
19. Minimization stress .59(*) 0.000 
20. Supplier prequalification .61(*) 0.000 
21. Effective planning and scheduling .48(*) 0.000 
22. Using lean construction improvement .61(*) 0.000 
* Correlation is significant at the 0.05 level
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Civil Engineering Department 






CAUSES AND EFFECTS OF REWORK 
ON CONSTRUCTION PROJECTS IN 
GAZA STRIP 
 




Aims and Scope of this Survey: 
This Survey aims to determine the awareness about rework, underlying causes of 
rework in construction projects, as well as its impact on project productivity, cost, 
time and parties satisfaction, and to determine the measures how to reduce the 
occurrence of rework. This questionnaire is required to be filled with exact relevant 
facts as much as possible. All data included in this questionnaire will be used only for 
academic research and will be strictly confidential. After all questionnaires are 
collected and analyzed, interested participants of this study will be given feedback on 
the overall research results. 
 
Submitted by: 
Mohammed Mahmoud Abu Zaiter 
Supervised by: 
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To complete the Survey 
For the purposes of the survey, rework is defined as ―The unnecessary effort (people, 
material, time and equipment) of re-doing a process or activity that was incorrectly 
implemented the first time or was not needed actually to complete the work”. 
The researcher means by the impact on project performance what is the impact of 
rework on project time and cost.  
Specifically, you should relate the answers that you provide to a recently completed 
project that you have been involved with. It is very important that each question is 
read carefully and that all questions are answered. The survey should take about 20 
minutes to complete. 
Section A: Profile of respondent: Please add () as appropriate: 
 
1. Type of Organization: 
 
 Client  Consultant  Contractor 
2. Typical of projects of organization: 
 
 Buildings  
Roads and 
transportation 
 Water and sewage 
3. Company size ( number of employees) : 
 
 Small (1-4)  Medium(5-20)  Large (more than 20) 
4. Which of the following best describes your position: 
 
 Designer  Supervisor  Project manager 
5. Number of your years of experience: 
 
 <7  8- 14  >14 
6. Value of the contract: 
 less than 1 US$M  less than 5 US$M  More than 5 US$M 
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1 2 3 4 5 
1.  
Does your company use quality management 
practices? 
     
2.  
Does the company interest in new learning 
mechanisms? 
     
3.  Does the company make research and development?      
4.  Does the company make project reviews?      
5.  Does the company  have training programs for staff?      
6.  Does the company make improvement to work teams ?      
7.  
Does the company interest in minimizing waste and 
maximizing value in its projects? 
     
8.  Do you know about rework definition in construction?      
9.  Do you know about rework causes in construction?      
10.  Do you know about rework impact on construction?      
11.  Do you believe that rework is waste?      
12.  Do you believe that rework increase project cost?      
13.  
Do you believe that rework is a serious problem in 
construction? 
     
14.  
Does the company interest in minimizing rework in its 
projects? 
     
15.  
Does the company has control on rework in its 
projects? 
     
16.  
Dose company work on reducing rework in its 
projects? 
     
 
Section C: Causes of Rework and its impact on project performance (cost and time) 
 # Rework Causes 
Degree of 
occurrence 
Impact of cause 
item on project 
performance (cost 
and time) 
(0 means no severe and 4 extremely) 
0 1 2 3 4 0 1 2 3 4 
Causes related to human resource  capability 
1.  Excessive overtime           
2.  An insufficient skill level manpower           
3.  Inadequate coordination &integration           
4.  Insufficient training and skill development           
5.  Disturbances in personnel planning           
6.  Lack of employee motivation and rewords           
7.  The absence of job security           
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 # Rework Causes 
Degree of 
occurrence 
Impact of cause 
item on project 
performance (cost 
and time) 
(1 means no severe and 5 extremely) 
1 2 3 4 5 1 2 3 4 5 
8.  Unclear line of authority and responsibility           
9.  Personnel  attitude (personnel issues)           
10.  Conflict of interest           
11.  Lack of safety and welfare commitment           
12.  Poor communication system           
13.  
Ineffective management and decision-
making 
          
Causes related to construction process 
14.  
Failure to implement Quality management 
practices 
          
15.  Lack of Audit and control            
16.  Schedule pressures            
17.  Late designer input           
18.  Constructability problems           
19.  Inadequate pre-project planning           
20.  Non-compliance with specification           
21.  Unclear work specification           
22.  Inadequate supervision           
23.  Poor  project document            
24.  Rigidity to improvement           
25.  
Absence of clear  uniform standard to 
accept work 
          
Causes related to materials and equipment supply 
26.  Untimely deliveries           
27.  Non-compliance with specification           
28.  Materials not in right place when needed           
29.  Pre-Fabrication not to project requirement           
30.  Emergency conditions (siege and closures)           
31.  Adulterated materials           
32.  Invalidity of needed tests           
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 # Rework Causes 
Degree of 
occurrence 
Impact of cause 
item on project 
performance (cost 
and time) 
(1 means no severe and 5 extremely) 
1 2 3 4 5 1 2 3 4 5 
Owner-related causes 
33.  Lack of knowledge of construction process           
34.  Inadequate briefing           
35.  Lack of funding allocated for consultation           
36.  
Lack of funding allocated for site 
investigation 
          
37.  Changes because of change in officials           
Design-related  causes 
38.  lack of professionalism           
39.  Inadequate procurement methods           
40.  Poor  project document            
41.  Design errors and omission           
42.  Competitive/  low design fees           
43.  Incomplete information for design             
44.  Incomplete design             
Contractor -related causes 
45.  Poor quality system           
46.  Misreading of drawings and specifications           
47.  Competitive pressure /  low contract value           
48.  Attempts to  fraud            
49.  Unqualified technically            
50.  Financial weakness (Phantom cash flow)           
External  environment  related causes 
51.  Government (Regulations, taxes. Interest rates)           
52.  Economy (Inflation, exchange rates, market (           
53.  Social (Changing social environment, resistances(           
54.  Technological (techniques, facilities, machines)           
55.  
Inadequate  local education 
(Collectors - craftsman - technical) 
          
56.  
Physical conditions (Infrastructure, 
transportation, etc) 
          
57.  Acts of God/Force Major (Weather, disaster)           
58.  Political situation (Siege- conflicts)           
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Section D: Rework Reduction 
# Measure to reduce rework 
Not 
at all 




1 2 3 4 5 
23.  Effective Leadership      
24.  Sufficient and capable human resources       
25.  Employee involvement       
26.  Effective Communication       
27.  Teamwork  effectiveness      
28.  Project documentation       
29.  Strict resistance against  cheating (fraud fighting)      
30.  Quality/rework auditing       
31.  Strong qualified supervision      
32.  
Continuous evaluation before and during the 
implementation of work 
     
33.  Commitment to safety (Strict laws)      
34.  Unification work standards      
35.  Strengthen personnel internal ethics      
36.  Job security      
37.  Qualified Consultant      
38.  Qualified Contractor      
39.  Owner evolvement      
40.  Field verification      
41.  Minimization work stress      
42.  Supplier prequalification      
43.  Effective planning and scheduling      
44.  Using lean construction improvement      
 





Thank You for Cooperation 
For contact with researcher: 
Mohammed M. Abu Zaiter- Mobile: 0599882321 
Email: abu_alaihab@hotmail.com
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اإلساليُخ انزبيعخ  
انهُذسخ كهُخ  
انًذَُخ انهُذسخ قسى  





CAUSES AND EFFECTS OF REWORK 
ON CONSTRUCTION PROJECTS IN 
GAZA STRIP 
 





 االستالَخأهذاف ويزبل هزِ 
( فٟ اٌّشبس٠غ Rework) األػّبي إػبدحرذذ٠ذ ِذٜ اٌّؼشفخ ٚاٌٛػٟ فٟ  إٌٝرٙذف ٘زٖ اٌذساسخ 
 أصشٖفٟ ٘زٖ اٌّشبس٠غ ِٓ  األداء ػٍٝ رؤص١شٖ ػٓ فعال ٗأسجبث أُ٘ثبإلظبفخ ٌٍزؼشف ٚ رذذ٠ذ  ،اإلٔشبئ١خ
 األػّبي إػبدح دذٚس ٌزم١ًٍ اٌالصِخ اٌزذاث١ش وّب ٚرٙذف ٘زٖ اٌذساسخ إل٠جبد ٚاٌٛلذ، ػٍٝ اٌزىٍفخ
(Rework.) 
 ج١ّغ رسزخذَ اإلِىبْ. ٚسٛف لذس اٌصٍخ راد اٌذل١مخ االسزٕبد ٌٍذمبئك االسزج١بْ فٟ ٘زا ِطٍٛة
 ربِخ. سش٠خ فٟ رىْٛ ٚسٛف األوبد٠ّٟ اٌجذش ألغشاض فمػ االسزج١بْ ٘زا فٟ اٌٛاسدح اٌج١بٔبد





صعُتش أثى يحًىد يحًذ  
 
:إششاف  
إَشبصٍ عذَبٌ انذكتىس األستبر  
 
4102 يبَى  
Appendix III                                                                            Questionnaire (Arabic) 
   215 
 لتعبئة هذه االستبانة:
ِٛاد، ِؼذاد،  ،ِٛاسد ثشش٠خ) أٞ جٙذ غ١ش الصَ"  ثؤٔٗ (Reworkاألػّبي ) إػبدح ٠ؼشف ،ٌغشض ٘زٖ اٌذساسخ
 ٘زا  ٌزٕف١ز فؼال دبجخ ٕ٘بن رىٓ ٌُ أٚ ،ِشح أٚي صذ١خ غ١ش ثشىً رٕف١زٖ رُ ٔشبغ أٚ ػ١ٍّخ ثئػبدح ٌٍم١بَ صِٓ(
 ". اٌؼًّ
ػٍٝ اٌزىٍفخ ٚ  األصش( ٟ٘ دساسخ Project Performanceفٟ اٌّشبس٠غ ) األداءػٍٝ  األصشاٌّمصٛد ثذساسخ 
 .(Cost And Timeاٌضِٓ )
٠مشأ  أْ جذا اٌُّٙ ِٓ رؼًّ ثٗ. أٌٚٙزٖ االسزجبٔخ ػٍٝ ٚجٙذ اٌزذذ٠ذ ٢خش ِششٚع ػٍّذ  إجبثبرهرسزٕذ  أْاسجٛا 
 . ألسئٍخ ج١ّؼب ػٍٝ اٌشد ٠زُ ٚأْ ثؼٕب٠خوً سؤاي 
 
 
 انتٍ تشاهب يُبسجخ اإلربثخ أيبو( √انشربء وضع عاليخ )يعهىيبد عبيخ:   :األولانزضء 
 
 َىع انًؤسسخ: -0
 
 ِبٌه  اسزشبسٞ   ِمبٚي 
 عًم انًؤسسخ:يزبل  -4
 
 ِجبٟٔ  غشق ِٚٛاصالد   ١ِبٖ ِٚجبسٞ 
 حزى انًؤسسخ )عذد انعبيهٍُ انذائًٍُ(: -3
 
 (4-1صغ١شح )  (20-5ِزٛسطخ )  (20وج١شح ٠ض٠ذ ػٓ ) 
 انىصف انىظُفٍ نًٍ َقىو ثتعجئخ االستجبَخ: -2
 
 ِصُّ  ِششف   ِذ٠ش ِششٚع 
 عذد سُىاد انخجشح نًٍ َقىو ثتعجئخ االستجبَخ: -5
 
 7الً ِٓ   14-7ِٓ   14ِٓ  أوضش 
 قًُخ انعقذ نهًششوع: -6
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 اٌزٟ رشا٘ب ِٕبسجخ اإلجبثخ رذذ( √اٌشجبء ٚظغ ػالِخ ):األعًبلخبٍَ: انًعشفخ ثئعبدح انزضء ان
 اثذا انً حذ يب دائًب
 # األعًبلانًعشفخ ثئعبدح 
5 4 3 2 1 
  .1 ِؤسسزىُ رطج١مبد اداسح اٌجٛدح َرسزخذ     
  .2 رٙزُ ِؤسسزىُ ثب١ٌبد اٌزؼٍُ       
  .3 رمَٛ ِؤسسزىُ ثؤػّبي اٌجذش ٚاٌزط٠ٛش     
  .4 رمَٛ ِؤسسزىُ ثؼًّ ِشاجؼبد ٚاسزؼشاظبد ٌٍّشبس٠غ     
  .5 رّزٍه ِؤسسزىُ ثشٔبِج رذس٠جٟ ٌطٛالّٙب     
  .6 فشق ػٍّٙبرؼًّ ِؤسسزىُ ٌزذسٓ      
  .7 رٙزُ ِؤسسزىُ ثزم١ًٍ اٌفبلذ ٚ اٌّخٍفبد ٚ ص٠بدح اٌم١ّخ ٚاٌفٛائذ      
  .8 ( فٟ اٌّشبس٠غ االٔشبئ١خReworkٌذ٠ه ِؼشفخ ثّفَٙٛ اػبدح االػّبي )     
  .9 ( فٟ اٌّشبس٠غ االٔشبئ١خReworkٌذ٠ه ِؼشفخ ثؤسجبة اػبدح االػّبي )     
  .10 ( فٟ اٌّشبس٠غ االٔشبئ١خReworkاالػّبي )ٌذ٠ه ِؼشفخ ثآصبس اػبدح      
  .Waste) 11( ٟ٘ ِخٍفبد )Reworkاػبدح االػّبي )     
  .Cost ) 12( رض٠ذ ِٓ رىٍفخ اٌّششٚع )Reworkاػبدح االػّبي )     
  .13 ( ِشىٍخ دم١م١خ فٟ اٌّشبس٠غ االٔشبئ١خReworkاػبدح االػّبي )     
  .14 ( فٟ ِشبس٠ؼٙبReworkاػبدح االػّبي )ِؤسسزىُ ِٙزّخ ثزم١ًٍ      
اػبدح االػّبي ( ػٍٝ controlِؤسسزىُ ٌذ٠ٙب ٔظبَ س١طشح )     
(Rework15 ( فٟ ِشبس٠ؼٙب.  
  .Rework) 16)رؼًّ ِؤسسزىُ فؼ١ٍب ػٍٝ رم١ًٍ اػبدح االػّبي      
( خبصخ Project Performanceاألداء )( واحشهب عهً Reworkاعبدح االعًبل )انخبنج: اسجبة انزضء 
 االجبثخ اٌزٟ رشا٘ب ِٕبسجخ رذذ( √اٌشجبء ٚظغ ػالِخ ):(Cost And Timeانتكهفخ و انضيٍ )
 (Reworkاعبدح االعًبل )سجت  #
 يذي انحذوث
 دسرخ انتأحُش عهً االداء
(Project 
Performance) 
 تعٍُ ثشكم كجُش نهغبَخ( 5َعٍُ عذو ورىد حتً  (1
1 2 3 4 5 1 2 3 4 5 
 انًتعهقخ ثبنًىاسد انجششَخاالسجبة 
           اٌؼًّ االظبفٟ اٌّفشغ  .1
           رذٟٔ ِسزٛٞ اٌفٕٟ ٚ اٌّٙبساد ٌذٜ اٌؼب١ٍِٓ  .2
           اٌزمص١ش فٟ اٌزٕس١ك ٚاٌزىبًِ ث١ٓ االفشاد  .3
           اٌزمص١ش فٟ اٌزذس٠ت ٚاٌزط٠ٛش  .4
           اٌؼشٛائ١خ فٟ رخط١ػ ٚرٛص٠غ االفشاد  .5
           إٌمص ٚاٌزمص١ش فٟ اسزخذاَ اٌّىبفئبد ٚ اٌذٛافض  .6
           غ١بة االِٓ اٌٛظ١ف ػٕذ اٌؼب١ٍِٓ  .7
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 (Reworkاعبدح االعًبل )سجت  #
 يذي انحذوث
 دسرخ انتأحُش عهً االداء
(Project 
Performance) 
 تعٍُ ثشكم كجُش نهغبَخ( 5َعٍُ عذو ورىد حتً  (1
1 2 3 4 5 1 2 3 4 5 
           ظجبث١خ ٚػذَ ٚظٛح اٌّسئ١ٌٛبد ٚ اٌسٍطبد  .8
           سٍٛن شخصٟ )اٌزّسه ثبالػزمبد اٌشخصٟ(  .9
           رعبسثبٌّصبٌخ  .10
           ػذَ االٌزضاَ ثؼٛاًِ االِٓ ٚاٌصذخ ٚاٌسالِخ  .11
           ظؼف فٟ ٔظبَ االرصبي ٚاٌزٛاصً  .12
           ل١بدح ٚاداسح ظؼ١فخ ٚغ١ش فؼبٌخ  .13
 اسجبة يتعهقخ فٍ انعًهُخ االَشبئُخ
           ظؼف فٟ رطج١ك ا١ٌبد ظجػ اٌجٛدح  .14
           ظؼف فٟ رطج١ك ا١ٌبد اٌزذىُ ٚاٌزذمك   .15
           اٌعغػ فٟ اٌجذٚي اٌضِٕٟ  .16
           ِذخالد ِزؤخشح فٟ اٌزص١ُّ  .17
           (constructabilityِشبوً ٚصؼٛثبد فٟ اٌزٕف١ز االٔشبئٟ )  .18
           اٌزخط١ػ اٌغ١ش وبفٟ لجً اٌزٕف١ز  .19
           ػذَ االٌزضاَ ثبٌّٛاصفبد  .20
           ػذَ ٚظٛح فٟ اٌّٛاصفبد  .21
           االششاف اٌغ١ش ِٕبست / غ١ش وفء  .22
           ظؼف فٟ اٌزٛص١ك فٟ اٌّششٚع  .23
           ِمبِٚخ اٌزغ١١ش/ سفط اٌزط٠ٛش  .24
           ِٛدذح ٚٚاظذخ الػزّبد االػّبي غ١بة ِؼب٠ش  .25
 اسجبة يتعهقخ ثبنًىاد واالدواد انًستخذيخ
           اٌزش٠ٛٓ فٟ اٌٛلذ اٌغ١ش ِٕبست/ اٌّزؤخش  .26
           ػذَ ِطبثمخ اٌّٛاد ٌٍّٛاصفبد  .27
           ػذَ رٛفش اٌّٛاد فٟ اٌّىبْ إٌّبست ػٕذ اٌذبجخ ٌٙب  .28
           ٌّزطٍجبد اٌّششٚعاٌؼ١ٕبد غ١ش ِطبثمخ   .29
           اغالق اٌّؼبثش( -اٌظشٚف اٌطبسئخ )اٌذصبس  .30
           اٌّٛاد اٌّغشٛشخ   .31
           ػذَ صذخ اٌفذٛصبد اٌّخجش٠خ اٌّطٍٛثخ  .32
 اسجبة يتعهقخ ثبنًبنك
           ظؼف فٟ اٌذسا٠خ ثبٌؼ١ٍّخ االٔشبئ١خ  .33
           االػزّبداد اٌغ١ش دل١مخ  .34
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 (Reworkاعبدح االعًبل )سجت  #
 يذي انحذوث
 دسرخ انتأحُش عهً االداء
(Project 
Performance) 
 تعٍُ ثشكم كجُش نهغبَخ( 5َعٍُ عذو ورىد حتً  (1
1 2 3 4 5 1 2 3 4 5 
           لٍخ اٌّٛاصٔخ اٌّب١ٌخ اٌّشصٛدح ٌألػّبي االسزشبس٠خ  .35
36.  
 siteٌٍزذمك ِٓ اٌّٛلغ )لٍخ اٌّٛاصٔخ اٌّب١ٌخ اٌّشصٛدح 
investigation )  ٍ 
          
           اٌزغ١١ش ثسجت رغ١ش اٌّسئ١ٌٛٓ فٟ ِؤسسخ اٌّبٌه  .37
 اسجبة يتعهقخ ثبنًصًى
           ظؼف فٟ االدزشاف١خ ٚلذساد اٌّصُّ  .38
           رمس١ُ اٌجٕٛد ٚغش٠مخ غشح اٌؼطبء اٌغ١ش ِٕبسجخ  .39
           ظؼف فٟ اٌزٛص١ك   .40
           اخطبء ٚسٙٛ فٟ اٌزص١ُّ  .41
           إٌّبفسخ / رذٟٔ اسؼبس اٌزص١ُّ  .42
           ٔمص فٟ اٌّؼٍِٛبد ػٕذ اٌّصُّ  .43
           ٔمص فٟ اٌزص١ُّ  .44
 اسجبة يتعهقخ ثبنًقبول
           ظؼف فٟ ٔظبَ ظجػ اٌجٛدح  .45
           اٌفُٙ اٌخبغئ ٌٍّٛاصفبد ٚاٌّخططبد  .46
           إٌّبفسخ/ رذٟٔ االسؼبس  .47
           ِذبٚالد ٌٍغش )اٌشثخ اٌغ١ش ِششٚع(  .48
           ػذَ اال١ٍ٘خ اٌف١ٕخ  .49
           ظؼف اٌمذساد اٌّب١ٌخ )رذفك ِبٌٟ ّٟٚ٘(  .50
 اسجبة خبسرُخ )خبسد ثُئخ انًششوع(
           لٛا١ٔٓ اٌسالِخ( -ٔست اٌفٛائذ -اٌعشائت -دى١ِٛخ ) رغ١ش اٌمٛا١ٔٓ  .51
           اٌزعخُ( -اسؼبس اٌزذ٠ًٛ -رغ١شاد الزصبد٠خ )رغ١ش ل١ّخ اٌؼّالد  .52
           ِؼزمذاد صمبف١خ( -رغ١شاد اجزّبػ١خ ٚصمبف١خ )رغ١شاد اجزّبػ١خ  .53
           ..( -ثشاِج جذ٠ذح -رغ١ش اٚ ظؼف فٟ اٌزىٌٕٛٛج١ب )ا١ٌبد   .54
           اٌفٕٟ(  -اٌذشفٟ -لصٛس اٚ خًٍ فٟ اٌزؼ١ٍُ اٌّذٍٟ )اٌجبِؼٟ  .55
           ..(-ػٛاًِ ف١ض٠بئ١خ )اٌج١ٕخ اٌزذز١خ ٚ اٌطشق ٚاٌّٛاصالد  .56
57.  
 -اٌضالصي -اٌظشٚف اٌمب٘شح ٚ اٌمعبء ٚ اٌمذس )رغ١شاد فٟ إٌّبر
 اٌىٛاسس اٌطج١ؼ١خ_....(
          
           ...(-االغاللبد  -اٌذشٚة -اٌذصبساٌّزغ١شاد اٌس١بس١خ )   .58
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االجبثخ اٌزٟ  رذذ( √اٌشجبء ٚظغ ػالِخ ):(Reworkاعبدح االعًبل )تقهُم يٍ انع: ثانشاانزضء 
 .خرشا٘ب ِٕبسج
 اثذا انً حذ يب دائًب
 # (Reworkاعبدح االعًبل )يٍ  تقهُم انُخ نهحذ و
5 4 3 2 1 
  .1 اٌم١بدح اٌفؼبٌخ     
  .2 اسزخذاَ اٌّٛاسد اٌجشش٠خ اٌمبدسح ٚاٌىفء     
اششان اٌؼب١ٍِٓ فٟ اٌّششٚع فٟ اٌزخط١ػ ٚاالسزّبع ٌُٙ فٟ وبفخ ِٕبدٟ      
  .3 اٌّششٚع
  .4 االرصبي ٚاٌزٛاصً اٌفؼبي ٚاٌىفء     
  .5 اٌؼًّ اٌجّبػٟ ثشٚح اٌفش٠ك اٌٛادذ     
  .6 اٌزٛص١ك ٌىبفخ ِىٛٔبد ٚأشطخ اٌّششٚع     
  .7 ٚ اٌّىبفذخ اٌشذ٠ذح ظذ اٌغش ٚ اٌخذاعاٌّمبِٚخ      
  .Rework) 8ظجػ ٚرذل١ك اػبدح االػّبي )     
  .9 االششاف اٌّؤً٘ ٚاٌمٛٞ ػٍٝ اٌّشبس٠غ     
  .10 االششاف ٚاٌزم١١ُ اٌّسزّش لجً ٚاصٕبء رٕف١ز االػّبي     
  .11 االٌزضاَ ثؼٛاًِ االِٓ ٚاٌسالِخ ػجش لٛا١ٔٓ صبسِخ     
  .work Standard) 12ٌمجٛي االػّبي )رٛد١ذ اٌّؼب١٠ش      
  .13 رؼض٠ض اٌٛاػض االخاللٟ اٌذاخٍٟ ٌذٜ افشاد اٌّششٚع     
  .14 االِٓ اٌٛظ١فٟ ٌٍؼب١ٍِٓ فٟ اٌششوخ     
  .15 اسزخذاَ االسزشبسٞ اٌّؤً٘ ٚاٌىفء     
  .16 اسزخذاَ اٌّمبٚي اٌّؤً٘ ٚاٌىفء     
  .17 اٌّشبسوخ اٌذم١م١خ ٌٍّبٌه فٟ اٌّششٚع     
  .18 اٌزؤو١ذ ػٍٝ االششاف ٚاٌزذل١ك فٟ وبفخ ِٛالغ اٌؼًّ     
  .19 رم١ًٍ ٚرذج١ُ ظغٛغبد اٌؼًّ     
  .20 اٌزؤوذ ِٓ ا١ٍ٘خ ٚوفبءح ٚجٛدح اٌّٛسد٠ٓ     
  .21 اٌزخط١ػ ٚاٌجذٌٚخ اٌفؼبٌخ ٚاٌىفء     
اسزخذاَ اسب١ٌت االداسح اٌسٍسخ اٌزٟ رسؼٝ ثؤدٚارٙب ٌزم١ًٍ اٌفبلذ ٚرؼض٠ض      
  .22 إٌّبفغٚص٠بدح 
 





 ٌٍزٛاصً ِغ اٌجبدش:
 ِذّذ ِذّٛد اثٛ صػ١زش
Mobile: 0599882321 
Email: abu_alaihab@hotmail.com 
